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HENRY VAN PETERS WILSON 
Memobial Resolution 

Adopted by the Faculty of The University of North Carolina 

In the passing of Dr. H. V. Wilson on January 4, 1939, the University 
has lost one of the ablest teachers it has had, the faculty one of the 
wisest and most thoughtful counselors, the students one of the most 
generally esteemed and respected instructors, and colleagues, students 
and members of the community generally a stimulating companion and 
a highly cherished friend. 

Henry Van Peters Wilson was born in Baltimore, Maryland, Febru- 
ary 16, 1863; educated in the public schools, including the Baltimore 
City College, where, to his enduring satisfaction, he had rigorous train- 
ing in the classics, and then in the undergraduate division of The Johns 
Hopkins University. 

After brief experiences in teaching, and in studies at a Medical School 
he reentered The Johns Hopkins University to start upon the pro- 
fessional career from which there was thereafter no deviation. As a 
graduate student at Hopkins in the department made famous by Martin 
and Brooks, he was associated with a select group of exceptionally 
able young men, several of whom have since acquired high distinction 
in scientific research. Even before completing his graduate work, 
Wilson had acquired the particular respect and admiration of those 
around him for his notably thorough and precise research and for his 
wide reading and accurate analyses of literature and of observations. 

Having obtained the degree of Doctor of Philosophy from Hopkins, 
Dr. Wilson held the Bruce fellowship of that institution for a year and 
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then served for two years as scientific assistant in the United States 
Fish Commission at the historic Fisheries Biological Laboratory at 
Woods Hole, Massachusetts. In this position he did not lose himself 
in administrative or routine duties or scatter his energies widely over 
practical fishery problems. On the contrary he undertook and carried 
to completion a masterly study of the embryology of the sea bass, the 
results of which were published in a monograph which has proved to 
be much more than a thorough meritorious piece of research; it has, 
indeed, frequently been used as a working model for graduate students. 

In 1891 Dr. Wilson assumed his first, and one might say his last, 
regular teaching position when he was brought to Chapel Hill as head 
of a one-man Department of Biology. The only changes of title that 
came to him in the remaining forty-seven years of his career in the Uni- 
versity were when the Department, after substantial growth under his 
guidance, was divided into Departments of Botany and Zoology, Dr. 
Wilson continuing as head of the Department of Zoology, when again 
in 1917 he was made Kenan Professor, and finally when, at his own 
request in 1935, he was relieved of administrative duties as head of the 
Department of Zoology. He continued as Kenan Professor, actively 
engaged in teaching, until the time of his death. 

Almost his whole professional career was thus associated with this 
University and his success in teaching and in the administration of the 
Department and his achievements in research have played no insignifi- 
cant part in establishing and spreading the reputation of the University 
of North Carolina for thoroughness and soundness of scholarship. 
When the young professor assumed the responsibilities of a Department 
of Biology in the University at Chapel HiU, the enrollment of students 
in the institution was less than 260, the revenues of the University were 
extremely restricted and the departmental budget was at a minimum. 
From the very beginning. Dr. Wilson determined that the Department 
of Zoology should not only be thorough in its work, but relatively broad 
in its offering and as well-equipped as the possibilities would permit. 
The number of courses he taught well and the amount of work he 
accomplished seem now remarkable. He offered courses in elementary 
physiology, in general biology, comparative anatomy or mammalian 
anatomy, embryology, medical histology, microtechnique and inverte- 
brate morphology, besides occasional courses in general botany and 
systematic aoology. He accomplished all of this efficiently and con- 
tinued to be productive in research only by intense concentration and 
the most systematic distribution of time and effort. He assumed also 
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a most meticulous habit with respect to the care and preservation of 
apparatus and material. In after years some friends have smiled at 
his regular habit of counting corks and vials and his measured dealing 
of cover glasses, pins and tacks, but it was through unfailing adherence 
to practices of economy that within a relatively short time the Depart- 
ment of 2iOology came to have a body of equipment comparable to that 
of many institutions where the departmental budgets were two or three 
times as large. 

Dr. Wilson’s teaching, research and developmental activities were not 
restricted to Chapel Hill. Very early he began the practice of spending 
the greater part or all of his summers in the little seaport of Beaufort, 
North Carolina, already made famous in the biological world through 
the studies in marine biology that had been carried on there by Agassiz, 
Gill, Coues, Morse, Brooks and others. Through Dr. Wilson’s influence 
the United States Fish Commission was soon led to establish a summer 
laboratory at Beaufort, and he became its first Director. The labora- 
tory was conducted at first in a rented residence on the water-front and 
then for several summers in a leased warehouse adjoining the town 
wharf. One of Dr. Wilson’s most esteemed colleagues. Professor J. A. 
Holmes, then State Geologist and lecturer in geology in the University, 
joined with him heartily and most effectively in the effort to put the 
United States Fisheries Biological Laboratory upon a permanent basis. 
So it was that in 1902 the first permanent marine biological laboratory 
south of New England came into being on a small island that had been 
presented to the Government by friends of Dr. Wilson, and with a 
building and plant largely as planned by him. The Laboratory, which 
continues in operation to this time, has been the temporary home of a 
great number of prominent zoologists, botanists and physiologists, who 
have found it a favorable place for the conduct of original research. It 
has also played a significant part in the exploration of fishery problems 
in the State and in the entire southeastern region. The fathers of this 
Laboratory were unquestionably Henry Van Peters Wilson, as the ini- 
tiator and original director, and Joseph A. Holmes, whose practical 
vision and adeptness in public relations encompassed and solved the 
practical problems incident to its establishment. 

It was in the Beaufort Laboratory that Dr. Wilson began most of his 
important research work, obtaining the material that was studied in 
spare hours and week-ends during the following winters in Chapel 
Hill. On a few occasions, while on leave. Dr. Wilson worked at other 
laboratories, notably Berlin and Naples, but by far the greater and the 
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more significant part of his research was done at Chapel Hill and Beau- 
fort. Perhaps the most brilliant work accomplished by Dr. W^son 
at these places was that dealing with the dissociation of cells and re- 
generation, a discovery and a technique which attracted world-wide 
attention and which lie at the very foundation of modern tissue-culture 
and experimental embryology. Even apart from this and the related 
researches which followed, Dr. Wilson would have won a permanent 
place in the annals of biological science for his studies of embryology 
and of the morphology, systematics and embryology of sponges. 

Dr. Wilson was a member of the National Academy of Sciences; the 
Philosophical Society of America; the American Society of Zoologists, 
which he served as President in 1911; the Boston Society of Natural 
History; The American Association for the Advancement of Science 
(fellow); Soci4t4 Linn4enne de Lyon; the Elisha Mitchell Scientific 
Society of which he was President in 1906-06 and again in the last year 
of his life; and the North Carolina Academy of Science of which he was 
President in 1912; he was representative of the American Society of 
Zoologists in the National Research Council 1929-32; and rendered 
editorial service at various times to the Journal of Morphology, Biolog- 
ical Abstracts and the Journal of the Elisha Mitchell Scientific Society. 

It would not be appropriate here to catalogue his contributions to 
science nor would we attempt a complete analysis of his characteristics. 
We would, however, record our recognition and appreciation of some of 
the personal qualities which made him so effective as a teacher and so 
helpful to the institution. Dr. Wilson was notable for his extremely 
systematic habits, his great capacity for work, his clarity of thought and 
his lucidity and incisiveness in speech. He possessed a most highly 
developed critical faculty associated with his unyielding devotion to 
accuracy and to the best standards of life and thought and expression. 
He had a strong personal interest in good students and a lasting affection 
for them, which, it need scarcely be said, was reciprocated. Lacking 
patience with slovenliness of dress, speech, work, or thought, Dr. Wilson 
preserved inflexibly his high ideals for himself, for his students and for 
the University. Always courageous in expression of opinion, he never 
hesitated to condenm what he thought worthy of condemnation or to 
stand in the minority, or even alone, for that which seemed to corre- 
spond with his belief as to what was best. He was, indeed, no insigni- 
ficant factor in making the'Univereity what it is todajr. 

We have enjoyed his compaaionflhip, we have respected and admired 
his strength of character, his depth of conviction, his devotion to high 
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academic and personal standards. We mourn his passing, which leaves 
a distinct gap in our ranks. We extend our deepest sympathy to his 
children and to his sister and we felicitate them upon the memory of a 
father and brother who was master of his circumstances, distinguished 
in accomplishment and an exempMer of the best in personal ideals. 

William deB. MacNidbr, 
Francis F. Bradshaw, 

Robert E. Coker, 

Committee for the Faculty. 
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THE MORPHOLOGICAL AND CYTOLOGICAL DEVELOPMENT 
OF THE SPOROPHYLLS AND SEED OF 
JUNIPERUS VIRGINIANA L.* 

By Andrew Clark Mathews 
Plates 1-9 

I. HISTORICAL INTRODUCTION 

Despite the fact that considerable investigation has been made on 
the morphological and cytological features of the more widespread 
species of the sub-family Cupressineae of the family Pinaceae, a com- 
plete and thoroughgoing story embracing both morphology and cy- 
tology does not exist. Since the life history of the eastern North Ameri- 
can species, Juntperus virginiana L., is so little known, a treatment of 
tills kind for this species is highly desirable. The inclusion of a morpho- 
logical study of the small berry-like ovulate cone of this species is also 
particularly worthwhile in view of the fact that the homologization of 
the cone structure of the Cupressineae with that of the Abietineae has 
been a matter of considerable discussion among plant morphologists 
for a long period of time. 

In 1907, Nor4n (47) gave a thorough historical account of the cy- 
tological work that had been done on Juniperua from the time of Hof- 
meister and Strasburger. Nor4n worked out the complete cytological 
story of Juniperus communis^ including micro- and mega-sporogenesis, 
fertilization and the early elongation of the prosuspensor tier of the 
proembryo. Although Hofmeister (1851; 1868) made a few cytological 
studies of J, c(mmunia and J. sibirica, and Strasburger (1872, etc.) 
studied parts of the story of /. virginiana, no complete and detailed 
account with modern techniques had been made before Nor&i. 

In 1909, Alice M. Ottley (48) published a cytological study of /wni- 
pems communis and J. virginiana, and in 1910, Nichols (45) gave a 
cytological account of J, communis var. depressa. The major portion 
of Miss Ottley’s study was on /. communis, NichoPs work was a 

* A thesis submitted to the Faculty of the University of North Carolina in 
partial fulfillment of the requirements for the degree of Doctor of Philosophy in 
the Department of Botany. 
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consideration of the American variety of J. cmmmiie and was very 
thorough. He went into more detail in regard to pollen tube develop- 
ment apd especially the division of the body cell than Nor6n but to a 
lesser extent into megasporogenesis. 

In 1933, Karl and Hally J. Sax (54) reported chromosome counts 
of representative conifers, including /. virginiana. The materials used 
for their study were chiefly the female gametophyte tissue and pollen 
mother cells in the two meiotic divisions of the latter. 

No full account of the embryogeny of Juniperua has appeared since 
Strasburger, and his investigation which included J, communis and J. 
virginiana cannot be considered as entirely complete. Saxton and 
Buchholz have presented the greater part of our further knowledge of 
the embryogeny of the Cupressineae. Saxton (58) included a rather 
full account of this particular phase in the life history of Actinoatrobua 
pyramidalia Miq. in 1913, while Buchholz presented the details of the 
embryogeny of Biota (Thuja) and Lihocedrua decurrena in 1926 (7) and 
Chamaecyparia obtuaa in 1932 (9). 

Among the recent and outstanding contributions bearing on the 
morphological features dealt with in the present paper, Quisumbing^s 
(1925) investigation of the seeds of conifers included a study of the stony 
layer development of Juniperua virginiana, Dluhosch (1937) studied 
/. chinenaia in connection with his work on the development of the 
microsporophyll of the conifers. 

The question as to whether the female cone of conifers is to be re- 
garded as a simple or compound floral structure has been a subject of 
considerable discussion among morphologists for a long time. The 
studies and discussions that have been made of this question since 
1827, in which year Robert Brown announced gymnospermy, are pre- 
sent^ by Coulter and Chamberlain (1932, pp. 244-251). In 1926, 
Pilger (49) presented a thorough treatment of this question in his 
morphological account of the conifers in Engler-Prantrs Pflanzen- 
familieny pp. 124-155. Since 1926, Lanfer (1933), Hagerup (1933; 
1934), Hirmer (1936) and Propach-Gieseler (1936) have published rather 
exhaustive treatments of this subject. In all recent accounts, especially 
those of Hirmer and Propach-Gieseler, a comparative morphological 
study of the female cone-scale has been paramount. Miss Propach- 
Gieseler's paper presents a very detailed study of the earliest develop- 
mental stages of the cones of the Cupressineae, including several varie- 
ties of Juniperua virginiana^ and her paper is, therefore, of great im- 
portance on this point. 
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According to Mohr (43), J. virginiana is native to eastern North 
America, extending along the Atlantic seaboard from Maine to Florida 
and westward to Minnesota and South Dakota on the north, and south 
to the vicinity of Austin, Texas, and the Gulf of Mexico. This species 
is exceptionally valuable for its timber, for wildlife food and protection, 
and for ornamental purposes. 

II. MATERIALS AND METHODS 

Juniperus virginiana is a dioecious conifer, and in order to obtain 
all the developmental stages in its life history, it was necessary to collect 
the female material from a site where male and female trees were grow- 
ing close together. A clump of trees of both sexes was found near the 
campus of Duke University, Durham, N. C., and the majority of the 
female material for this study was collected there during the spring 
and summer of 1933. Slabs were cut from two sides of the flowers 
and developing cones with a razor blade and the material plunged im- 
mediately into the fixing fluid. Collections were made every two days 
beginning just prior to time of pollination, viz. about March 1st, until 
archegonial formation, about May 25th, and once a day and sometimes 
more often until after fertilization, viz. June 8th. The remainder of 
the female material was collected from trees in the Coker Arboretum 
of the University of North Carolina and from other places in Chapel 
Hill, N. C. 

The male material was collected from trees on ‘Windy Hill” in 
Chapel Hill, N. C., and also prepared for fixation by cutting slabs from 
two sides of the cones. The collecting was begun in the fall of 1933, 
beginning about August 1st and repeated about every two or three days 
until September 30th. By this time the pollen grains were formed and 
only an occasional collection was made thereafter until about the time 
of pollination the following spring. 

Several fixing fluids and modifications of them were used. The fol- 
lowing formula, a modification of that suggested by Chamberlain (15, 
p. 343), served as a good general one for the female material: 

A. 0.5 c.c. chromic acid 

3.0 c.c. glacial acetic acid 
100.0 c.c. distilled water 

B. Add 1% osmic acid in proportion of one part to 16 parts of A 

at the time of fixation. 

The hot alcoholic corrosive sublimate — acetic acid recommended by 
Miss Ethel Thomas (Chamberlain, 15, p. 343) gave unsatisfactory re- 
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suits with the late stages of the female gametophyte. The fixing fluids 
found most satisfactory for the male cones were the chrome-osmo-acetic 
acid solution recommended by Miss Ferguson (25) and the Chicago 
chnnno-acetic-osmic solution of Chamberlain (15). The majority of 
the embryogeny material was fixed in formalin-alcohol as recommended 
by Buchholz (6). However, a part of the material used in the study 
of embryogeny was sectioned in paraffin. 

Haidenhain’s iron-alum haematoxylin with orange G as a counter- 
stain gave excellent results. In tracing the development of starch in 
the pollen mother-cell cytoplasm as well as the fate of the starch brought 
into the egg cytoplasm by the sperm cell, a special staioing combination 
of the safranine (alcoholic) and gentian violet (aqueous) of Flemming’s 
Triple plus a very strong iodine solution was found very helpful. The 
slides were taken through safranine and left about 10 minutes in 
gentian violet. Then, after two dips in water, all excess water was re- 
moved from around the sections, and the strong iodine solution dropped 
on and allowed to remain for 3-4 minutes. The iodine was then re- 
moved and the slide dehydrated as quickly as possible by dipping in 
95% alcohol and absolute alcohol, dipped about twice in clove oil and 
then into xylol for clearing, and moimted in balsam. 

In staining whole sections of mature berry-cones, excellent differenti- 
ation was obtained by staining overnight in alcoholic safranine, de- 
staining with acidulated alcohol, and completing with Delafield’s 
haematoxylin for about 20 minutes. As recommended by Buchholz 
(7), dissected proembryos and embryos were stained in Delafield’s 
haematoxylin and mounted in diaphane. 

III. THE STAMINATE CONE ANP THE MICKOSPOBOPHVLL 

In his recent paper on the development of the microsporophyll of 
the conifers, Dluhosch (22) has given a brief review of the history of 
our knowledge of the development of the microsporophyll of conifers. 
In 1845, H. von Mohl considered the male conifer cone as a single 
flower, bearing sporopbylls each of which bears two or more sporangia. 
Parlatore (1868) regarded single sporopbylls as flowers, and his view 
predominated until the work of Celakowsky (1897). Celakowsky’s 
view was that the primary form of the conifer sporophyll is radiate as 
in Taxm, and that the pollen-bearing leaf has been transformed from 
the shield-radial form to* the bilateral form, in which only the lower 
side of the leaf has remained fertile, or pollen-sac bearing. Goebel’s 
(1923) view agreed essentially with that of Celakowsky. He held that 
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the microsporophylls of Taxus and the Cupressineae are shield-shaped, 
and in spite of varying conditions within single groups and even within 
single flowers, that this may be extended to all species of conifers. 

Dluhosch (22) agrees with Goebel in regarding the primary struc- 
tural form of the conifer microsporophyll to be shield-shaped and the 
origin of the sporangia as marginal. He also describes for the Cupres- 
sineae the subsequent development of a sterile outgrowth just above 
the sporangial primordia, which is more or less marked in the different 
genera. This outgrowth together with the distal sterile tissue of the 
original sporophyll ultimately gives rise to a sort of “false” or secondary 
shield or peltate form. Dluhosch also reports the occasional occurrence 
of two rows of sporangia on the fertile shield margin in Chamaecyparis and 
Thuja, In these genera, the median portion of the primitive primor- 
dium of the sporogenous tissue becomes sterile, and the two rows of 
microsporangia are differentiated out of the initials of the resulting 
sporogenous tissue. 

At Chapel Hill, N. C., the staminate cones of Juniperua virginiana 
become recognizable early in August (Figs. 1, 2) before pollination and 
fertilization the following spring and summer. The microsporangia 
pass the winter filled with mature microspores (Figs. 11, 36). Figure 3 
is an outline of a longitudinal section of a staminate cone of J, virginiana 
at the time when the microsporangia contain mature pollen mother-cells, 
and Fig. 4 shows a mature cone just before pollination. The mature 
cone is made up of four opposing rows of 3 to 4 shield-shaped sporophylls 
on the median cone-axis. Miss Ottley (48) reported that at Wellesley, 
Massachusetts, the microsporangia of J, virginiana pass the winter in 
the pollen mother-cell stage, and that the microsporangia of J, com- 
munis do not begin development until the spring of the season of polli- 
nation. Nichols (45) also found that the staminate cones of J. com- 
munis var. depressa at Hartford, Connecticut, are first recognizable in 
late summer and pass the winter in a more or less rudimentary condition. 

In Chapel Hill, the development of the microsporangia of J. virgini- 
ana is accomplished in a little less than two months, viz. from early 
in August until about the latter part of September (Figs. 5-11; 13; 14). 
Fig. 5 shows a very young potential microsporophyll at the top of a 
young male bud (as Fig. 1) prior to the bud’s being recognizable as a 
male cone. In this potential sporophyll the resin cavity has already 
appeared, and after examination of several of these very young cavities 
it was concluded that they originate schizogenously. This agrees with 
Haberlandt’s (26, p. 516 and*p. 522) conclusion concerning the resin 
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cavities of communis, A striking characteristic of the sporophyll as 
well as vegetative leaves of J, virginiana is the median resin canal in 
the abaxial side of the sporophyll just beneath the epidermis. This 
canal runs parallel to the long axis of the leaf, extending from near the 
tip of the leaf and ending blindly just above the resin cavity. The 
canal seems to be formed by a mere separation of the epidermal layer 
from the mesophyll layer. The mesophyll cells are very loosely ar- 
ranged, containing a large quantity of intercellular air space between 
them. The majority of these cells are richly supplied with chloroplasts, 
but some are decidedly resinous in character, although some cells seem 
to contain both chloroplasts and resin. It was observed that these 
chloroplasts become filled with large starch grains before the end of 
summer as evidenced in part by Figs. 10 and 11. 

In a very short time the sporangial primordia become recognizable 
on the abaxial side and basal end of the young microsporophyll (Fig. 
6). This is shown by the outward projection of the sporophyll tissue 
at this point; and just beneath the epidermis the primary archesporial 
cells are recognizable by their larger size, larger nuclei, and denser cyto- 
plasm. The archesporium represented by Fig. 6 consisted of three cells 
in a plate parallel to the epidermis. Meanwhile, the resin cavity has 
enlarged considerably, and the sporophyll has grown a little longer. 
The epidermal cells also begin to acquire some resin. This resin deposit 
persists during the remainder of the development. 

Nichols (46) has reviewed the history of our knowledge regarding 
the origin of the niicrosporangium of many gymnosperms. He shows 
that Goebel (1881), Coulter and Chamberlain (18), and other investi- 
gators, notably Coker (16) and Coulter and Land (21), have shown that 
the development of the microsporangium in gymnosperms is essentially 
similar to that of the eusporangiate pteridophytes. Juniperus virgini- 
ana is in agreement with this latter view. 

It is now easy to follow the further development of the microsporo- 
phyll (Figs. 7-9; 12). Nor^n (47) did not consider the origin and early 
development of the microsporophyll and microsporangia in the Euro- 
pean Juniperus communis] Nichols (46) described in considerable detail 
the microsporangial development in J, communis var. depressa but not 
the early morphological development of the microsporophyll of this 
species. However, Dluhosch (22) included J, chinensis in his morpho- 
logical treatment of the microsporophylls of the conifers. Juniperus 
virginiana agrees in all essential respects with NichoPs description of 
the sporangial development and that of Dluhosch on the development 
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of the microsporophyll of J. chinensis. In J, virginiana the micro- 
sporangium continues to grow and project outward, and very soon a 
second outgrowth of the sporophyll becomes recognizable distally with 
reference to the young sporangia and immediately adjacent to them 
(Fig. 7). This outgrowth early becomes somewhat flattened and tap- 
ered at its outermost point and continues its downward growth in 
close association with the microsporangia (Figs. 8, 9). It finally be- 
comes the sterile shield-half of the mature peltate sporophyll (Fig. 12). 

During this early evagination of the sporophyll-outgrowth, the plate 
of archesporial cells within the microsporangium has divided periclin- 
ally and anticlinally to produce more archesporial tissue centrally lo- 
cated and surrounded by a sub-epidermal layer of sterile sporogenous 
cells. By periclinal division of this sub-epidermal layer and concomi- 
tant divisions of the sporogenous cells the three sporangial wall layers 
shown in Fig. 8 result. The primary sporogenous cells which are ulti- 
mately formed become thus surrounded by a one-layered tapetum which 
is recognizable by its uniformity and dense cytoplasm, an intermediate 
layer of tabular cells, and the outer epidermal layer. The sporangial 
wall is thus considered to be comprised of two wall layers. This differs 
from the sporangial wall of Pinus, which has been shown by Miss Fer- 
guson (26), Mathews (40) and others to consist of 3 to 5 layers of cells. 
Fig. 8 also shows that the sporophyll out-growth has elongated still 
further downward and around the sporangia. The construction of a 
sporangium just prior to meiosis of the pollen mother-cells is shown in 
Fig. 9. 

IV. MEIOSIS OF THE POLLEN MOTHER-CELL AND FATE OF THE 
MICROSPORANGIAL WALL LAYERS 

It is diflBicult to say how much time is consumed in the meiotic divi- 
sions of the pollen mother-cells to produce the tetrads of microspores, 
for different male cones on the same day may be in different stages of 
this process. The cones at the end of a given branchlet are not usually 
so far advanced in meiosis as those farther back from the end. Nichols 
(46) reports that this process is completed within a week in J, communis 
var. depressa and Nor6n (47) and Miss Ottley (48) did not report the 
time required. It would seem that the meiotic divisions of the pollen 
mother-cells in J, virginiana are accomplished in approximately a period 
of 2~4 days at Chapel Hill, N. C. The sequence of the meiotic activity 
is made easier to follow due to the fact that in the earliest stages the 
meiotic division is farther along in sporangia at the base of the cone 
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than at the cone apex; however, during the latter part of meiosis, several 
cases were noted in which this sequence seemed to have been reveraed 
so that the more advanced stages of meiosis appeared toward the apical 
end of the cone. 

Miss Ottley (48) did not go into the details of meiosis in J. virginiana, 
but Nor4n (47) and Nichols (45) made thorough studies of this in J. 
communis. The essentials of meiosis in J. virginiana are in close agree- 
ment with those described by these authors for J. communis; and as 
also borne out in part by these authors, the nuclear behavior at this 
time bears a striking similarity to that described by Allen (1) for 
Lilium canadense, Mottier (44) for Podophyllum^ Liliumy etc., and Miss 
Ferguson (26) for Pinus. The mature pollen mother-cells are polyhe- 
dral, nearly isodiametric and approximately 20 microns in diameter 
(Figs. 9, 15, 38). The nuclei of the pollen mother-cells are about 10.6 
microns in diameter and usually contain two conspicuous nucleoli. The 
measurements for J. virginiana are approximately 2 microns less than 
Nor6n (47) and Nichols (45) reported for J. communis; and the nuclei 
are only about one-third as large as those of Larix and Pinus. The 
chromatin material presents a finely reticulated appearance with small 
chromatin granules rather irregularly arranged along the linin threads. 
At some places two threads seem to lie beside one another as if begin- 
ning to show signs of pairing (Fig. 15), but this could not be positively 
demonstrated. Just prior to synizesis the chromatin threads have be- 
come quite conspicuously lumpy, and begin to be drawn in away from 
the nuclear membrane. Pairing of the chromatin threads is more 
readily discernible at this stage (Fig. 16 (1), 16 (2)). The threads 
continue to draw in more closely until they form a tight ball that usually 
lies at one side of the nuclear cavity. Figs. 17, 18, and 19 show pro- 
gressive stages in the behavior of the nuclear material after synizesis. 
Nichols stated for the chromatin material at this point in J. communis 
that from observations made at the time of synizesis and from preceding 
and subsequent phenomena, “It may be inferred that there is present 
at first a series of double threads, and that toward the close of synapsis 
these coalesce and unite end to end to form a single bivalent spireme.'^ 
This appears to be the case in J. virginiana. Gradually the spireme 
becomes transversely segmented; and the segments begin to shorten, 
thicken and become somewhat twisted (Figs. 20, 21). By this time, 
the nuclear membrane is no longer a definite thin membrane, but merely 
a wide band of dense fibrils which fade out into the surrounding cyto- 
plasm. Fig. 22 represents a stage subsequent to the diakinesis stage of 
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Sharp (61). The chromatin segments are completely differentiated just 
prior to becoming arranged at the equator of the heterotypic spindle. 

By this time the pollen mother-cells have lost their angular shape 
and are considerably more spherical and separated from one another. 
Nichols suggests that this is apparently brought about by the dissolu- 
tion of the middle lamellae of the mother-cells in the manner described 
by Strasburger (1882). 

Gradually the weft of fibers derived from the nuclear membrane to- 
gether with fibers derived from the c 3 rtoplasm push their way into the 
nuclear cavity and constitute the spindle for the heterotypic division. 
Figs. 23 and 24 show the meta- and telophases of the heterotypic divi- 
sion. Upon arriving at the poles the chromosomes very soon become 
enclosed by a delicate nuclear membrane and begin to show considerable 
vacuolation and become somewhat irregularly distributed throughout 
the nuclear cavity. The mature resting daughter nuclei of the division 
are generally biconvex with the long axis perpendicular to the axis of 
the meiotic spindle (Figs. 25, 26). As pointed out by Coker (16) for 
Taxodium, Nor6n (47) for J, communis, and Mathews (40) for Pinus 
palustris, there appears to be a temporary cell plate laid down at the 
equator between the daughter nuclei of this division. 

After a brief rest period the daughter nuclei of the heterotypic divi- 
sion undergo the second meiotic or homotypic division (Figs. 27, 28, 
31). The two nuclear spindles may be variously oriented in the cell, 
but as noted by Nichols (45), tetrahedral arrangement seems to be 
more prevalent. The chromosomes are generally or shaped, 
short and thick, and somewhat irregular in outline. The cell plates 
laid down after this division are at first similar to that of the heterotypic 
division, but they gradually become thicker and are persistent (Figs. 28, 
31). Gradually a deposit of what appears to be a mucilaginous layer 
begins to be laid down at the periphery of each of the four newly formed 
microspores of the tetrad. As noted by Nor^n (47) and Nichols (45), 
Juniperus does not possess as definite and rigid-appearing walls as 
Miss Ferguson (25) has described for Pinus. The fact that mucilagi- 
nous walls do exist is evidenced, however, by the microspores being 
definitely separated from one another by a narrow interval (Fig. 32); 
but these walls, if they may be considered as such, take orange G stain 
only to a slight extent, and they are of very short duration, since the 
general liberation of the microspores takes place very soon. 

The other investigators of Juniperus have noted the difficulty of ob- 
taining the chromosome count in meiosis. Nor4n (47) considered the 
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haploid number in J. communis to be eleven, while Nichols (45) was 
convinced after considerable study that the number in var. depressa 
was twelve. Karl and Hally J. Sax (64), working at the Arnold Arbore- 
tum, made chromosome counts for numerous conifers, including J, 
virginiana^ J. communis^ and /. chinensis. They used the aceto-carmine 
smear technique on mitoses of female gametophytic tissue and meiosis 
of pollen mother-cells. A resum4 of their work shows the basic haploid 
number of chromosomes to be twelve for most gymnosperms, except 
the Gnetales. Exceptions to this fact, however, were found in the Cu- 
pressineae and Taxodineae in which the prevailing number was eleven, 
in Pseudotsuga thirteen and Pseudolarix twenty-two. According to 
these authors, ‘^deviations from the primary basic number of 12 are 
attributed to the loss of a small chromosome, following translocation of 
segments, in the Cupressineae and Taxodineae; duplication of a chromo- 
some in Pseudotsuga] and pol 3 rploidy in three species (including a 
variety of Juniperus chinensis) of Conifers. Some eflfort was made by 
the writer to obtain an accurate chromosome count in •/. virginiana 
from polar views of the anaphase stage in the meiotic divisions of the 
pollen mother-cell. As accurate a count as was obtainable showed the 
haploid number to be 11 (Figs. 29, 30), which checks with the studies 
made by Sax and Sax. 

As suggested by Mathews (40) for Pinus palustris, the liberation of 
the microspores from the tetrad seems to be effected also in J, virginiana 
by a dissolution (probably enzymatic) of both tetrad chamber walls 
and the old mother-cell wall which surround the tetrad (Fig. 33). The 
microspores have no developing air-sacs to effect a mechanical rupture 
as described by Miss Ferguson (25) for Pinus, and the general appear- 
ance of the liberation seems to be one of chemical dissolution. When 
the young microspores are liberated, they have the general shape of 
their tetrad chambers, are delimited by a delicate pliable membrane 
and possess one rather large resting nucleus which is at first devoid of 
a nucleolus (Figs. 33, 34). The microspore cytoplasm contains a rich 
supply of starch which in haematoxylin preparations gives it a marked 
frothy appearance. Very soon, however, the microspore begins to 
round itself off, and the thick exine and thinner intine walls begin to 
be laid down about the periphery of the plasma membrane (Fig. 35): 
The young liberated microspores are about 12ju in diameter, while their 
nuclei measure approximately 6.6^. Before the beginning of the winter 
period of dormancy, the young microspore has grown to about 16.5/i, 
and the starch grains which it contains have enlarged considerably. 
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Meanwhile, the intine and exine walls become thicker. While the 
microspore becomes larger, its nucleus becomes smaller as it assumes 
its resting condition for the winter, its average size at this time being 
about 6 microns. Its chromatin threads have arranged themselves 
into a finely reticulated structure and the nucleus contains one definite 
nucleolus. There is no division of the microspore nucleus before pol- 
lination. 

Particularly worthy of note is the development of starch in the 
cytoplasm of the pollen mother-cell. The investigators of J. communis 
have described the presence of starch in the developing tetrad of micro- 
spores, but their figures do not entirely agree with the condition in J. 
virginiana. It would seem unlikely that there should be much dif- 
ference in these two species in this respect. Using a combination of 
Flemming Triple stain and strong iodine solution, the presence of starch 
was easily detected in the mother-cell cytoplasm at the different stages. 
(See figures of meiosis, Plate 2, especially Figs. 38-40.) The starch 
grains are small just before synizesis in the mother-cell, but they become 
rapidly larger, and at the close of the heterotypic division they are quite 
large and show a rather characteristic alternate arrangement above and 
below the temporary (ephemeral) cell plate (Figs. 26, 40). As noted 
by Nichols (45), throughout the entire development of the microspore 
tetrad the cytoplast shows a striking “alveolar^^ character. This is 
obviously due to its rich starch content. The starch grains of the young 
pollen grain are very large and occupy the major portion of the cell 
(Fig. 36). Each starch grain has two or more lamellae and a rather 
distinct hilum. This stage is found near the end of the growing season, 
namely, late in September. By the time of pollination the following 
spring, starch no longer is apparent in the cytoplasm of the pollen grain 
(Fig. 37). This is in accord with the investigation of J. Doyle and 
Clinch (24), who studied certain seasonal changes in leaves of J, vir-^ 
giniana and other conifers. 

During meiosis of the pollen mother-cell and development of the 
young pollen grain, several changes have occurred concomitantly in the 
microsporangial wall. Figs. 9, 10, and 11 show the successive changes 
as they occur in the tapetum and inner and outer wall layers from the 
mature pollen mother-cell stage until the sporangium is filled with 
young pollen grains. The outer wall layer, which is epiderinal in origin, 
and the tapetum contain numerous starch grains at the end of the 
heterotypic division of the pollen mother-cell and are the only prominent 
layers surrounding the motherrcells. The cells of the inner wall layer 
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have already become considerably stretched and crushed and are rapidly 
degenerating. By the end of September the majority of these cells 
have been completely absorbed and only an occasional remnant remains 
(Fig. 11). Meanwhile, only a few starch grains show up in the outer 
sporangial layer. At this stage, the tapetum contains very little starch, 
and its cells have begun to appear considerably degenerated. Just 
before pollination the following spring, the inner sporangial wall layer 
and tapetum have been completely adsorbed, and only the outer wall 
layer remains to constitute the microsporangial wall. The cells of this 
layer are rectangular with their long axes parallel to the long axis of 
the sporophyll stalk cells, and their internal walls show prominent cel- 
lulose thickenings (Figs. 12-14). These thickenings appear as strong 
bands which are seen in side view to alternate on either side of the cell 
extending from the top of the cell downward laterally to the mid-line 
at the bottom of the cell, thereby furnishing considerable strength 
to the sporangial wall and functioning in its dehiscence. 

V. POLLINATION 

Pollination in Juniperus virginiana occurs between the middle and 
last of February in the vicinity of Chapel Hill The spring season was 
early at Chapel Hill in 1938, and pollination had been mostly completed 
on the trees of this species in the Coker Arboretum by February 10th, 
but had not begun on the trees at ‘‘Windy Hill^ on this date. 

The majority of the male cones bear sixteen sporophylls(Fig.4),each 
sporophyll bearing 3-4 pendent sporangia on its lower surface. The 
microsporangial wall splits longitudinally on the lower side to discharge 
the pollen grains. This dehiscence is the mere separation of the rec- 
tangular sporangial wall cells in a line parallel to their longitudinal axes. 
Consequently, the line of dehiscence is parallel to the longitudinal axis 
of the sporophyll. When a ripe sporangium is pricked with a needle, 
there occurs a rather active sporangial dehiscence, and as the pollen 
grains are discharged, the edges of the sporangial wall curve backward 
from the point of rupture. It is very likely that the internal cellulose 
bands of the sporangial wall cells (Figs. 13, 14) play a large part in the 
natural dehiscence by being drawn when dry toward the mid-line of 
the cell (Fig. 14) and thereby creating considerable tension on the 
sporangial wall. These cellulose bands would seem, then, to serve in 
the same capacity as the* thickened portions of the annular cells of the 
leptosporangiate fern sporangium. 

As has been noted by other investigators, the micropyle of the ovule 
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is wide open at the time of pollination (Fig. 63), and, as probably first 
recorded by Jack (30) for J, communis, “from each orifice there is 
exuded a minute globule of clear, shining liquid which rests like an iri- 
descent bubble on the tip and serves to catch the pollen and conduct 
it to the nucellus or ovule within.’' Lawson (37) also noted that this 
pollination-drop is observed more frequently during the early morning, 
before the heat of the day has caused evaporation. The pollen grains 
finally lodge in the saucer-like depression at the tip of the nucellus, and 
after a few days the micropyle is closed due to the elongation of the 
layer of integument cells lining the micropyle. These cells elongate 
in a plane transverse to the long axis of the ovule and are generally 
known as micropyle-closing cells (Fig. 82a). In paraffin sections made 
just after pollination, the pollination-drop shows at the nucellar tip as 
a flat, wrinkled mass, apparently of a mucilaginous nature (Fig. 82a). 

VI. THE MALE GAMETOPHYTE 

Early Development. — The history of our knowledge of the pollen tube 
of Juniperus begins with Hofmeister’s (28) investigations of J. com- 
munis. He found that two years are required for the pollen tube de- 
velopment in this species, and at the time of fertilization he saw a large 
cell in division in the end of the tube and a great many small cells 
(about 10 are figured) above this one. Hofmeister (29) published 
another account of the pollen tube development and fertilization in 
Juniperus in 1858. This time he observed the division of the large 
cell of the pollen tube into two smaller cells (the sperm cells). Ac- 
cording to his interpretation, these two cells produced by repeated di- 
visions sixteen free cells which then passed over the archegonia, or four 
medium-sized or eight smaller spherical cells without very definite 
membranes, which probably arose from repeated divisions of a still 
larger initial spherical cell. However, Strasburger (65) was able to find 
only granular cytoplasm in the pollen tube of J. communis. In 1872, 
though, Strasburger (66) found in J. virginiana a large free cell which 
divided into two daughter cells before fertilization. In 1878, the same 
author (67) gave another and more accurate account of the pollen tube 
of Juniperus, but this time he seems to have misinterpreted the con- 
tents of two tubes as the contents of one. Belajeff (4) was the first to 
show the correct interpretation of this phase of development. He 
found that the young pollen tube divided into two dissimilar cells, and 
that the cell remaining behind in the pollen tube divided further into a 
cell and a free nucleus, the first preceding the second as they both moved 
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forward into the tube. In the tube, this cell was overtaken by the free 
nucleus with the result that a mobile group consisting of a cell and two 
nuclei was formed at the anterior end of the pollen tube. Finally, he 
observed that the cell of this mobile group later divided into two equal 
sperm cells, both of which might participate in fertilization. 

During the winter rest period before pollination in J, virginiana the 
pollen grains have completely lost their starch content, their cytoplasm 
now being left filled with numerous large vacuoles, and their cell walls, 
especially the exine, having become much thicker (Fig. 37). The pol- 
len grain nucleus is very definitely spherical, occupies a central position 
in the cell, and in no instance was observed to divide before pollination. 
The pollen grains are wingless, as is true of those of all other Cupres- 
sineae. I^awson (37) has shown that in the Cupressineae, with the 
exception of Cupressus and JuniperuSf the first division of the micro- 
spore nucleus occurs before pollination, giving rise to the generative 
and tube nuclei. He also shows that the Cupressineae are character- 
ized by the absence of vestigial prothallial cells or of nuclei representing 
such cells. 

In J, virginiana^ pollination and fertilization take place during the 
same growing season, a little less than four months apart. This species 
agrees with most gymnosperms in this respect, but differs from J, com- 
munis (Nor4n, 47; Ottley, 48; Nichols, 45) and Pinus (Ferguson, 25; 
Mathews, 40) in that fertilization follows the next season after pollina- 
tion in these species. 

According to Nichols (45), the division of the primary pollen grain 
nucleus in J, communis to form the generative nucleus and pollen tube 
nucleus occurs within a week after the pollen grain reaches the tip of 
the nucellus, the generative nucleus becoming surrounded immediately 
by dense cytoplasm and separated from the ‘‘pollen ceir^ by a thin 
plasma membrane. In J, virginiana^ very soon after this division, the 
exine wall ruptures and the intine wall is pushed outward to accom- 
plish germination. Fig. 41 shows a pollen grain at the tip of the nu- 
cellus; and stages of germination nearly a month later are shown in 
Figs. 42 and 43. In these stages the lenticular generative cell is still 
in the extreme pollen-grain-end of the young pollen tube, while the 
pollen tube nucleus has begun to migrate downward in the tube. In 
Fig. 42, the pollination-drop is shown collapsed at the tip of the nucel- 
lus. In the section sh6wing the pollen tube of Fig. 43, the ruptured 
exine wall was located just above the pollen grain end of the tube. Near 
the base of the nucellus the megaspore mother-cell is at this time in 
its resting stage or in a very early stage of its meiosis (Figs. 82a, 82b). 
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The pollen tube now begins to push its tip between the cells at the 
nucellar tip; meanwhile the generative cell enlarges and rounds up, and 
the tube nucleus moves nearer the end of the tube (Fig. 44). Some of 
the nucellar cells are crushed and the protoplasts of nearly all the cells 
immediately adjacent to the tube become permanently affected, if not 
destroyed. All the young pollen tubes observed showed the pollen- 
grain-end of the tube somewhat protruded above the nucellar tip (Fig. 
44). The elongation of the 3mung tube while it is within the pollination- 
drop and before it reaches the nucellus may be the explanation of this 
condition. In J. communis, the developing male gametophyte passes 
the winter with tube contents nearly similar to those shown for J. 
virginiana in Fig. 44. 

While the spherical generative cell is still in the pollen-grain-end of 
the tube, its nucleus divides to give rise to the body cell nucleus and 
stalk cell nucleus. In J, communis, Nichols (45) shows that these two 
nuclei, of which the body cell nucleus is the smaller, at first lie free in 
the cytoplasm of the tube, while the body cell nucleus soon becomes 
invested with a zone of dense cytoplasm which develops a membrane, 
and that a true stalk cell is never formed. While this division was not 
observed in J. virginiana, a body cell with a dense cytoplast and only 
a stalk cell nucleus result from the division of the generative cell. 
These promptly move down the pollen tube and come to lie near the 
tube nucleus a short distance from the tip of the tube (Fig. 45). Each 
of the three nuclei of the pollen tube has a single well-defined nucleolus 
and the chromatin material is evident in each nucleus as a very delicate 
reticulum. The stalk nucleus becomes closely associated with the pol- 
len tube nucleus very soon after being formed, and it is and usually re- 
mains smaller than the latter. The pollen tube elongates only to about 
one-third the length of the entire nucellar cap when it ceases further 
elongation for approximately a month. Fig. 46 shows the contents of 
a pollen tube which had penetrated about one^third of the nucellar cap 
and was about a month older than that shown in Fig. 45. The body 
cell nucleus has grown nearly twice its former size, and the cell has ac- 
quired a considerably larger cytoplast. Thus it is in the 3-celled stage 
in •/. virginiana and not the 2-celled stage as in J. communis that the 
pause in the elongation of the pollen tube occurs. Accompanying the 
increase in size of the body cell, its cytoplasm gradually becomes denser 
and the cytoplasmic granules become larger. Later developmental 
stages reveal the numerous granules contained in the body cell cyto- 
plast at this time to be starch. Since the pollen tube cytoplasm is 
entirely devoid of starch and the nucellar cells are abundantly supplied 



22 


Journal op the Mitchell Society 


[June 


with it, it is very likely that the subsequent enlargement of these 
granules before fertilization is due to the translocation of starch from 
the nucellar cells to the body cell cytoplasm. 

During this pause in the elongation of the pollen tube, the megaspore 
mother-cell at the base of the nucellus undergoes meiosis and the func- 
tional megaspore gives rise to the massive free-nucleate megagameto- 
phyte, which in turn becomes cellular and the cellular megagametophyte 
ultimately bears a group of very young archegonia, before any further 
marked elongation of the pollen tube occurs. 

During the latter part of May, the pollen tube again becomes active 
and forces its way through the nucellar tissue, crushing and disorganiz- 
ing the cells of the nucellus with which it comes in contact and within a 
few days enters the archegonial chamber where its tip presses down close 
to the necks of the archegonia (Fig. 47). By this time, the body cell, 
which usually becomes somewhat elongated during its downward mi- 
gration, begins to round up and finally to become quite spherical after 
it comes to rest just above the stalk and pollen tube nuclei in the end 
of the tube. Its cytoplast is now very dense and surrounded by a thick 
plasma membrane. 

Division of the Body Cell — Miss Ferguson (25) described the cytology 
of the body cell mitosis in Pinus, showing that there are formed two 
unequal sperm nuclei both occupying a common cytoplast in which also 
both stalk cell and pollen tube nucleus may or may not be included. 
The larger sperm nucleus is, as a rule, in advance of the other in the 
pollen tube. Coker (16), working on Taxodium^ was the first to give 
an accurate description of the cytology of the division of the body cell 
for a species which behaves similarly to Juniperus. Nichols (46) 
treated this point in considerable detail for J. communis. This author 
stated that the body cell of J. communis divides about four days after 
the pollen tube enters the archegonial chamber and about three days 
before fertilization. Nichols also showed for J, communis^ as did Coker 
(16) for Taxodiumf that this division in the species studied usually 
occurs simultaneously with that of the central cell of the archegonium. 
Two equal cells are usually formed in these species, and like the body 
cell, is bounded by a definite membrane (Fig. 48) . Nichols showed 
for J. eommums that these cells are at first hemispherical and lie close 
together, but after separating become approximately spherical. In J. 
virginiana tihey usually lie side by side as if the spindle of the body 
cell mitosis had been perpendicular to the long axis of the pollen tube 
(Fig. 48). The average diameters of the body cell and sperm cell are 
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approximately 57 microns and 44 microns, respectively. A mature 
sperm and a fragment of its mate are shown in Fig. 49. The nucleus 
has a thick membrane, a coarse reticulum of linin threads which bear 
irregular deposits of chromatin, and usually one rather large and well 
defined nucleolus. Like the body cell, the sperm cytoplast contains a 
dense aggregation of minute starch grains, but the cytoplasm does not 
show a radiate structure as described by Coker (16) for Taxodium and 
Nor4n (47) for J, communis. This feature of J, virginiana is also indi- 
cated for J, communis by Nichols. 

Contrary to the t3rpe of spindle described by Miss Ferguson (25) for 
the body cell of Pinus, which is extranuclear and unipolar, Nichols 
(45) shows that in J, communis spindle fibers ' 'originate entirely within 
the nucleus.’^ Other details pointed out by Nichols are: 1. The body 
cell usually loses its spherical shape as it approaches division and 
becomes ovoid. 2. There is present within the nucleus a delicate 
protoplasmic network in addition to the chromatin and linin proper. 

3. The coarse, anastomosing reticulum, in which chromatin cannot well 
be distinguished from linin, resolves itself into a slender, uniformly 
distributed spireme which shows beautifully a distinction between linin 
and chromatin; and the chromatin granules are very clearly arranged 
in pairs at fairly regular intervals along the lighter staining linin band. 

4. The spireme segments into the haploid number of slender and often 
twisted chromosomes; simultaneously delicate granular fibers arise 
within the nucleus. 6. The chromosomes rapidly become shorter and 
thicker, soon orienting themselves at the equatorial plane where the 
fibers give rise to a blunt, multipolar diarch spindle; the nuclear mem- 
brane disappears. 

The production of more than two male cells (or the functional equiv- 
alent of two male cells) by a single pollen tube has been described for 
several species of gymnosperms, including some of the Cupressineae. 
Some phylogenetic speculations have also been based on this point. To 
give a complete account of this matter from our present knowledge of 
the Cupressineae, we find that the majority of this sub-family seems to 
show striking agreement with Taxodium (Coker, 16) and Cryptomeria 
(Lawson, 36) of the Taxodineae in bearing normally only two equal 
male cells in the pollen tube. A striking similarity also exists in the 
general shape and character of the male cells in these plant groups. 
These facts have been borne out in the following species and genera: 
Thuja (Land, 32; Lawson, 37), lAhocedrus decurrens, Cupressus (two 
species), and Chamaecyparis (Lawson, 37), Juniperus communis (Nor4n, 
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47; Ottley, 48; Nichols, 45), J. virgintana (Ottley, 48), Widdringtonia 
cupreaaoides (Saxton, 56), CaUiiris (Saxton, 57), Actinostrobus pyramid 
dalis (Saxton, 58), and Teiradinia articulata (Saxton, 59). The writer 
has found no indication of the presence of more than the two male 
cells in the tube of Juniperus virgintana. 

In spite of the fact that two male cells in a single pollen tube seems 
to be the rule in the Cupressineae, Nor4n, Nichols, and Saxton have 
reported exceptional cases in which more than the usual two sexual cells 
and two sterile nuclei were present in the tube. Nor6n (47) described 
the occurrence of a large body cell with three nuclei in the pollen tube 
of Juniperua communia] Nichols (45) found several cases in which more 
than two male cells had been formed by the division of the body cell 
in the tube of J, communia var. depreaaa; and Saxton (57) reported a 
case in Callitria verrucoaa in which ‘^a large nucleus of quite a different 
character^' was present in the pollen tube in addition to the usual con- 
tents. While these cases can only be considered as very exceptional, 
Juel (31) found several male cells (as many as twenty) in a single pollen 
tube to be the rule in Cupreasua goveniana, and Doak (23) reported a 
complex of several male cells in most cases in C. arizonica, (Doak also 
states that the male cells of C. arizonica have a distinctive pear-like 
shape suggestive of motility.) On the other hand, Lawson (37) found 
that in two other species of Cupresaua examined by him more than two 
male cells are never formed in a single pollen tube. Apparently the 
only other cases among the investigated gymnosperms in which the 
production of more than two male cells by the body cell has been re- 
ported are Microcycaa (Caldwell, 11), in which the body cell regularly 
produces sixteen or more sperms; and Ceratozamia (Chamberlain, 14), 
in which four sperms are formed occasionally. 

VII. MORPHOLOGICAL DEVELOPMENT OP THE OVULATE STROBILUS 

The female flowers of J uniperm virginiana are first recognizable about 
the middle of September before pollination and fertilization take place 
the following spring. They are borne terminally on short axillary 
shoots from small branches produced during the current season (Figs. 
50a, 50b). The female sporophylls are not recognizable as such until 
a few weeks subsequent to pollination, namely about the last of March; 
but at least two pairs of the female sporophylls grow up over and 
gradually coalesce above the one or two ovules to form the dark blue 
berryrlike fruit. (The blue color of the berry-cone is normally obscured 
by % gray ^‘bloom^^ which covers its surface.) 
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Pilger (49), in Die Naturlichen Pflamenfamilien^ simply states regard- 
ing the structure of the berry-cone that (1) the cones of the Sabina Sec- 
tion of the Juniperoideae are as a rule formed from six scales and (2) 
that the berry-cones of J. virginiana contain 1-2 seeds. In view of the 
fact that Miss Charlotte Propach-Gieseler (51) has very n'cently pub- 
lished an account of the developmental details of the female flowers 
of the Cupressineae, including four varieties of J. virginiana, it was 
deemed desirable to compare the species treated in the present paper 
with this author’s results. 

The majority of the female flowers of J. virginiana are composed of 
a very short axis bearing two pairs of opposing sporophylls which are 
designated from the cone apex downward as pair a and pair 6. Excep- 
tions to this are: (1) The growing-point of the shoot may extend high 
enough above the usual level to produce an additional pair of sporo- 
phylls, pair a'; and (2) the pair of scale-like leaves below pair b often 
becomes fleshy in berry-cones bearing two ovules and fuses with the 
sporophylls above to construct the ultimate berry-cone. Invariably, 
however, sporophyll pair b alone shows fertility, usually only one 
member being fertile but sometimes both members. A more extensive 
study into the gross morphology of the female flowers of this species 
shows, furthermore, that there are three well-defined flower-types. 
These are treated here under types A, B, and C. Flower-type A: This 
flower-type contains only one ovule which is borne in the axil of one 
member of the sporophyll pair 5, designated sporophyll b. Approxi- 
mately two-thirds of the female flowers are of this type. Figs. 51 and 
52 show the general structure of this flower-type, while Figs. 55 and 56 
are diagrammatic transverse sections of the flowers shown in Figs. 51 
and 52, respectively. Flower-type B: Approximately one-half of the 
remaining one-third of female flowers bear two ovules side by side in 
the axil of only one member of sporophyll pair 6, while the other sporo- 
phyll of the pair is sterile. This type is represented in Figs. 53a and 
53b; Figs. 57 and 58 arc diagrammatic transverse sections of this 
flower-type. Flower-type C: The remaining one-sixth of the female 
flowers are of this type and are characterized by each member of sp)oro- 
phyll pair b being fertile and bearing a single ovule in its axil. Figs. 
54 and 59 show the gross structure of this flower-type. The fertile 
sporophyll (or sporophylls) is never constant as to its circumferential 
position on the cone-bearing branch in all three of these flower-tyi)es. 
Furthermore, while no flowers of J. virginiana were found to bear more 
than two ovules. Miss Propach-Gieseler (51) describes the closely re- 
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lated species, sobina, as having 1-4 ovules with one member of the 
sporophyll pair b bearing only one ovule in the 3K)vuled flower and each 
member of this pair bearing two ovules in the 4-ovuled flower. In 
keteleri, whose flowers bear 2~6 ovules, the sporophyll pair c may be 
fertile. 

In the maturation of the berry-cone, an outgrowth develops on the 
morphological upper side of the cone-scale and is termed ‘‘fruit-scale^^ 
by Hirmer (27) and Miss Propach-Gieseler (51), while that portion below 
the fruit-scale bearing the “point^^ is termed “cover-scale” by these 
authors. It is due largely to the profuse up-growth of the fruit-scales 
and their final coalescence above that the ovule (or ovules) becomes 
entirely enveloped in the mature berry-cone. The sporophyll-out- 
growth of the fertile sporophyll contributes considerably more to the 
fleshy tissue of the berry-cone than its sterile neighbors. Figs. 60a, 
60b and 60c represent different views of a mature berry-cone developed 
from Flower-type A described above. The dotted line indicates the 
outline of the seed. In this type the cover-scale tip of fertile sporophyll 
b is solitary on one side of the fruit, and the seed is borne in its axil. 
The cover-scale tips of the three sterile sporophylls are in a group di- 
rectly on the opposite side of the berry-cone. A mature berry-cone 
produced from the Flower-type B is represented in Fig. 61. Here the 
arrangement of the cone-scales is principally the same as in Flower- 
type A, except that the fertile sporophyll b bears two seeds in its axil 
and the sterile sporophyll pair c usually enters into the construction of 
the berry-cone. The berry-cone resulting from the Flower-type C is 
different in shape from the other two types, being somewhat flattened 
on the sides of sporophyll pairs a and c and in general obovoid, whereas 
the other types are usually simply ovoid (Fig. 62). In the fruit of 
flower-t 3 rpe C, the sporophyll members of the pairs o, 5, and c, which 
usually coalesce to form the fleshy cone of the fruit, directly oppose 
each other morphologically as do the vegetative leaves immediately 
below. Each member of sporophyll pair b bears one seed in its axil, 
and sporophyll pair c, as in Type B, takes a very minor part in the 
constitution of the fleshy fruit coat. 

As the epidermal cells of the opposing sporophyll-outgrowths (fruit- 
scales) come in contact with each other above the ovule, they become 
somewhat elongated in the direction of the opposing fruit-scale. The 
final fusion is accomplished by an alternate interlocking of these epi- 
denx^l cells of opposing sporophylls in a manner somewhat similar to 
the enmeshing of two cogwheels (Fig. 68). All the epidermal cells of 
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the sporophyll tissue arc cutinized, but those of the epidermis outside 
the berry-cone have a thicker cuticle than those at the point of fusion 
and those lining the inside of the sporophyll coat. 

VIII. NOTES ON THE COMPARATIVE MORPHOLOGY OP THE OVULATE 

STROBILU8 

The ovulate cone of J uniperm differs from that of other Cupressineae 
in the coalescence of its fruit-scales around and above the ovule, or 
ovules, to form a solid and simple berry-like cone. Miss Propach- 
Gieseler (51) has shown that the development of all the Cupressinean 
female cones is essentially similar. Fertile scale-pairs usually occupy 
a rather central position on the cone-axis, above and below which lie 
sterile scale-pairs, no sterile pair occurring between fertile scale-pairs. 
It may be noted from Figs. 61-62 above that in J. virginiana sporophyll 
whorl (pair) b is fertile as a rule, while whorls a and c are sterile. The 
ovule grows out of a meristematic tissue which lies in the lower part of 
the morphological upper side of the fertile sporophyll. Usually the 
ovule is formed at the base of the megasporophyll which bears it. 

As described above, the fertile cone-scales of J. virginiana as well as 
the normal sterile ones are 2-parted, consisting of the cover-scale and 
fruit-scale (Figs. 63-66). According to Hirmer and Propach-Gieseler, 
this is true of all the conifers. Hirmer regards the cover- and fruit- 
scales of conifers as arising by a serial splitting of the primitive megar 
sporophyll primordium. While the cover- and fruit-scales of /. 
virginiana ajipear as a single unified organ (the cone-scale), the fruit- 
scale at the time of pollination appears as a slight bulge on the adaxial 
side of the cono-scale (Fig. 63). Even at this early stage the fruit- 
scale and cover-scale are each supplied with a separate vascular bundle, 
and this condition persists throughout the development of the cone 
(Figs. 63-66 ; 79). 

Miss Propach-Gieseler (51) has shown that the Cupressinean cone 
closes its apical development with a sterile leaf structure, for which she 
suggests the use of the term ^‘Akrokon.’^ This term is taken from the 
shape of the fertile shoot which is narrowly conical and which together 
with the upper scale-pair forms the akrokon. In the older stages, how- 
ever, the growing-point becomes broad and flattened, and the last- 
formed scales have extended over it and so closely drawn together at 
their bases that the growing-point is no longer distinguishable; the 
uppermost pair of scales alone represents the akrokon. 

The same author has shown furthermore that the mature ovulate 
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cones of Juniperua do not differ essentially from those of other Cupres- 
sineae. The number of ovules of the section Sabina varies from 1-6. 
In J. virginiana there is usually only one ovule which is located at the 
base of (and adaxial to) a scale of whorl b; but because of an upward 
extension which takes place in the scale-pair a at the top of the shoot, 
this pair is pushed to the summit of the cone. The three ovules of 
J. communis are not borne in the upper megasporophyll whorl in whose 
axils they stand, but opposite the joints of the lower scale whorl (fe), 
which agrees with the condition in the other, genera. Here as else- 
where, except in Cupressus goveniana, the uppermost scale-whorl (a) 
represents the akrokon. 

It is beyond the scope of the present paper to enter into a discussion 
of the interpretation of the floral-type (viz. simple flower vs. compound 
inflorescence, etc.) of the ovulate cone of J. virginiana. Gymnosperm 
morphologists seem fairly generally agreed that the male conifer cone 
represents a simple flower structure; but the female cone with its 
2-parted cone-scales has been more of a problem to them. Pilger (49) 
has compiled a comprehensive account of the older theories bearing on 
this point. But among the recent investigators and theorizers are 
Lanfer (33), Hagerup (1933, 1934; see 34), Hirmer (27), and Propach- 
Gieseler (51). The last named conducted her detailed morphological 
study of the Cupressineae under the direction of Hirmer. Suffice it to 
say here that with very exhaustive investigations on which to base their 
interpretations, Lanfer and Hagerup adhere to the view that the female 
conifer cone is a compound inflorescence, while Hirmer regards it as a 
simple female flower. The papers of Hirmer and Propach-Gieselcr are 
remarkable for their profuse illustrations, including photomicrographs 
and diagrams of the early development of cones of representative groups 
and a considerable amount of comparative morphological data. Hirmer 
traces the origin of the typical conifer cone and sporophyll unit back to 
the fossil lycopod-like Sphenophylls. In the opinion of this author, 
the single elements of this flower have split serially, thereby cutting off 
on adaxial (fruit-scale) and an abaxial (cover-scale) segment. Both of 
these segments are supplied by a separate vascular strand, but only the 
adaxial segment is ever fertile and bears a megasporangium or mega- 
sporangia. This fundamental plan, according to Hirmer, exists through- 
out the conifers, and he points out that it is not difficult to understand 
how by lateral fusions of the vegetative (abaxial) segments of all the 
sporophyll units of a cone, accompanied by certain concomitant changes 
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of the fertile (adsxial) segments internally the angiospermous ovary 
may have had its phylogenetic ori^. 

IX. THE STONY LATER 

Coulter and Chamberlain (20) say concerning the developing seeds of 
the Pinaceae that “the integument differentiates into . . . three lay- 
ers ; but the outer fleshy layer does not deserve its name, for it is 
represented only by a thin layer of cells that disappears with the matur- 
ing of the testa. The middle or stony layer in this case is the conspicu- 
ous one, the seed being said to ripen dry; while the inner fleshy layer is 
most largely and distinctly developed, as usual, in the free portion of 
the integument.” Conforming to this description, the integument of 
J. virginiana differentiates itself into three layers. The middle stony 
layer has a very striking mode of development and is a very prominent 
part of the mature seed. It is also primarily due to the development 
of the stony layer that the integument finally becomes differentiated 
clearly into its three layers. Perhaps the most outstanding paper treat- 
ing this subject is Quisumbing’s (52) comprehensive study of the stony 
layer of seeds of gymnosperms, which includes the seed of Juniperus. 
The following account is deemed a worthwhile addition to Quisumbing’s 
description. 

.\bout May Ist, when the ovule contains a free-nucleate megagameto- 
phyte at about the 64-nucleate stage, the secondary thickening which 
characterizes the stony layer first becomes recognizable in the micro- 
pyle-closing cells above the nucellar tip (Fig. 70). Quisumbing (62) 
states that this secondary thickening first shows up as late as the early 
appearance of the archegonial initials. The cell marked “X” in Fig. 
70 is about the first of the middle layer of cells below the micropyle- 
closing layer to show noticeable secondary thickening. As was noted 
by Quisumbing, the order of progress of this secondary thickening of 
the integument cells continues downward through the middle region of 
the integument from the micropyle-closing layer. This can be traced 
in the diagrams and camera lucida figures 66, 67, 69, 70, 71a, and 79. 
Gradually, as the cells lower down the integument begin to show second- 
ary thickening, the number of the integument cells which is to give rise 
to the inner papery layer increases. Sections of early stages in stone 
cell formation show the secondary deposit to be laid down on the inner 
surface of the thin primary wall to form a distinctly reticulated pattern. 
The phloroglucin and hydrochloric acid test shows this deposit to be 
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lignin. As the lignification of this middle integument tissue continues 
downward around the ovule, the deposit higher up in the young*stony 
layer gradually becomes thicker. The larger spaces in the reticulation 
become smaller and smaller as more lignin is deposited (Figs. 71a, 71b, 
72-78), so that finally only small orifices remain open to the interior 
of the well-defined pits in the thick stone-cell wail (Figs. 75-78). The 
csrtoplasts of these stone-cells apparently remain quite normal and active 
throughout the entire lignification period, and indeed, their nuclei are 
still conspicuous in noature stone-cells of berry-cones collected August 5 
(Figs. 77, 78, and 80). It is not unusual to find tiny strands of cyto- 
plasm projecting from the periphery of the cytoplast toward and into 
the pit orifices (Fig. 76). The pits are long and narrow and apparently 
at times are branched (Figs. 77, 78). 

Finally, about June 6th, the middle portion of the integument has 
become completely differentiated by the lignification process (Fig. 69). 
A longitudinal section of the nearly mature fruit collected on August 
5th shows the thick stony layer to be a very rigid one of stone cells 
nearly uniform in thickness except at the mid-region of the seed where 
it is somewhat thicker and at the loci of the resin cavities where it is a 
little thinner than elsewhere. This lignification of the middle tissue 
of the integument brings about a striking change in the orientation of 
the axes of the cells comprising the integument, as pointed out by 
Quisumbing (52). Before lignification sets in, practically all the in- 
tegumentary cells except the epidermis and the outer “fleshy” layer, 
which are elongated parallel to the surface of the developing seed, are 
nearly isodiametric and quite similar in general appearance. But very 
soon after the beginning of the lignification process the lignified cells 
become elongated perpendicular to the surface of the seed, and this 
manner of orientation persists to maturity. During this development, 
the cells of the inner papery layer become more numerous and tho.se 
l3dng adjacent to the stony layer become somewhat pushed inward and 
crushed by the stony layer, thus forming a distinct line of demarcation, 
when viewed under high magnification (Figs. 71a, 72, 73, 80). A radial 
section about half-way between the top of the mature seed and its 
equator shows the integument to consist of the inner papery layer 
eight cells in thickness, the stony layer of about eight cell-layers and the 
outer “fleshy” layer of only one cell-layer plus the epidermal layer 
(Fig. 80). A detailed study of the stony tissue of the mature seed 
coat shows the inner- and outermost layers of these cells to be largely 
isodiametric and the intervening transversely elongated cells somewhat 
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tapered at their ends. Fig. 79 is a diagram of a longitudinal section 
of these three integumentary layers in their final proportions. 

X. THE MEQA8POBAN6IUH 

The Megaspore Mother-cell. — The development of the megaspore 
mother-cell, the megasporangium and the megaspores in J. virginiana 
is in accord with the descriptions by Nor^n (47) and Nichols (46) for 
J. communis. The ovulate flower-buds are formed in the axils of the 
leaves of only the young branches of the current season. They first 
appear in the latter part of the growing season prior to pollination. 
Although these buds are not recognizable to the naked eye untU about 
a week before pollination, viz. about Feb. 15, dissected lateral buds on 
branches produced the season prior to pollination show young ovules 
already developed (Fig. 60b). At first, the integument extends high 
above the small nuccllus; but the nucellar cells divide rapidly to form 
long parallel rows, and finally considerable differentiation takes place 
at the base of these long rows of nucellar cells to form a spherical mass 
of centrally placed cells at the base of the nucellus. There are at least 
10-12 of these cells, and they constitute the female archesporium (Fig. 
81). These archesporial cells and their nuclei are a little larger than 
the other nucellar cells, and they possess a denser cytoplast and 1-2 
well-defined nuceoli (Fig. 81). The nucellar (vegetative) cells surround- 
ing the archesporium become somewhat flattened and form more or 
less concentric layers. In J. virginiana, the archesporium is formed 
early in March before the formation of the cellular megagametophyte 
about May 26. This is at variance with the condition in J. communis 
which produces its archesporium about 12 months prior to megagameto- 
phyte formation and passes its winter after pollination in the arche- 
sporial stage (Nichols, 45). The ovules of Pinus Str<jl)us, etc. (Fergu- 
son, 26) and P. palustris (Mathews, 40) pass their first winter after 
pollination in an early free-nucleate (usually 32) megagametophyte 
stage. 

Development of the Megaspores. — As Nichols (45) pointed out, it is 
impossible to predict with certainty which cells of the archesporial tissue 
will become the megaspore mother-cell, but it is usually one of the most 
centrally placed cells. In J. virginiana, the megaspore mother-cell be- 
comes differentiated about March 20 (Fig. 82b) and just after germina- 
tion of the pollen grains at the nucellar tip (Fig. 82a). This cell is 
considerably larger than the other archesporial cells. Its csrtoplasm is 
rather dense and contains the conspicuous kinoplasmic body just below 
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the nucleus as described by Nor^n (47) and Nichols (46) for J. com- 
munis and for Taxodium, Thuja, and Taxus by Coker (16, 17), and Tor- 
reya by Robertson (63). Nor6n and Nichols have also shown that 
this body persists through the tetrad divisions of the mother-cell, and 
Nichols also reported that similar bodies are evident in the later stages 
of prothallial development. The other archesporial cells occupy posi- 
tions surrounding the megaspore mother-cell and soon begin to form the 
tapetal (spongy) tissue. 

No special effort was made in the present study to obtain all the stages 
in the tetrad divisions which produce the megaspores. Nor4n (47) 
made a detailed study of this development in J. communis and Nichols 
(46) added confirmatory information to Nor6n’s account. These 
authors show that in J. communis the first division of the mother-cell 
nucleus gives rise to two nuclei bearing the haploid number of chromo- 
somes. A permanent membrane is rarely, if ever, laid down between 
these nuclei. The first division thus resembles the first (heterotypic) 
division of the microspore mother-cell. Usually, only the lower of 
these two nuclei reaches entirely the resting stage. In this case, only 
the lower one xmdergoes the homot 3 rpic division, producing a group of 
three cells, only the lower two of which are true megaspores. Nichols 
(46) also found certain cases in which the spindles of this homot 3 rpic 
division in J. communis appeared similar to and were oriented similarly 
to the homotypic division in the microspore mother-cell of that species. 
In J. virginiana, only megaspore groups of three cells were ever found 
(Figs. 83-87), and only in rare instances were these cells seen to form 
a straight row. Even the middle megaspore of the group in Fig. 85 
was somewhat out of line with the top and bottom megaspores. The 
tetrad divisions were completed by March 26th. Sludsky (62) has re- 
ported the presence of two megagametophytes in a single nucellus of 
J. communis, and Nichols (46) found as many as three megaspore 
mother-cells in tetrad division stages in the same species. No cases 
like these were observed in J. virginiana. 

Immediately following the homotypic division, the functional mega- 
spore, which is usually the lowest cell, or at least one of the lower cells, 
enlarges until it fills the entire space originally occupied by the mother- 
cell. Meanwhile, the nuclei of the non-functional cells disorganize 
rapidly (Figs. 86, 87), hnd are eventually absorbed. A unique condi- 
tion for conifers in this reqiect was reported by Lawson (38) for Phero- 
sphaera. In this Taxaoeaa genus this author found that three mega- 
spores are formed in na arial row and that all three germinate. The 
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upper one (viz. the one directed toward the micropylar end) undergoes 
three nuclear divisions but enlarges very little; the middle one advances 
to a later free-nucleate stage; while the basal megaspore enlarges more 
rapidly than the others and ultimately becomes the only one to produce 
a cellular female gametophyte. 

XI. THE FEMALE GAMETOPHYTE 

Development of the prothallium . — No special effort was made to obtain 
the details of the prothallial development in J. virginiana. Nor6n 
(47) made a thorough study of this process for J. communis^ and J. 
virginiana agrees in all essentials of this development with Nor^n^s 
description. Nor4n showed that the megaspore rapidly gives rise to 
an embryo sac containing a large central vacuole and a parietal layer 
of cytoplasm in which are embedded many free nuclei. Nuclear divi- 
sion takes place simultaneously throughout the sac. In the develop- 
ment of the prothallium, open tubes are formed which grow inward 
toward the center of the embryo sac in the manner first described by 
Mile. Sokolowa (63) in 1890. The nucleus of each tube then divides, 
aiid cross walls are laid down. The continuation of this process ulti- 
mately gives rise to the cellular gametophjrte. Nichors (45) work on 
J. communis was essentially confirmatory of that of Nor6n in this 
phase of the life history. In 1900, Arnold! (3) made a detailed study 
of the female gametophyte of Sequoia sempervirens. 

The functional megaspore of J. virginiana gives rise to the 2-nucleate 
female gametophyte early in April. According to Nichols (45), the two 
nuclei produced by the division of the primary megaspore nucleus in 
J. communis var. depressa occupy a central position, and the cell con- 
tains several vacuoles. Nichols also observed in the same species that 
at the 4-nucleate stage these small vacuoles flow together to form one 
large central vacuole, and the cytoplasm with its included nuclei comes 
to lie about the periphery of the young embryo sac. By April 15, the 
young gametophyte of J. virginiana has reached its 8-nucleate stage 
(Fig. 88). Figure 88 shows the young gametophyte to be invested by 
a layer of loosely associated tapetal cells and a few of the adjacent 
nucellar cells. The tapetal cells persist in having denser cytoplasts 
than the nucellar cells until the gametophyte has become cellular. 
Later stages in the development of the gametoph 3 rte of J. virginiana 
are represented in Figs. 89 and 94. As pointed out by Nor4n (47) for 

communiSy all the nuclei of the free-nucleate gametophyte of J. vir- 
giniana divide simultaneously.* Figs, 90 and 91 show two stages in 
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the mitosis of two of these nuclei. Fig. 94 shows an intennediate stage 
in cell wall fonnation in the gametophyte. 

Nichols (45) states that the volumetric istio of the gametophyte of 
J. communis just prior to the fonnation of cellular tissue as compared 
with the megaspore at the time of its first division is about 12,500: 1, and 
that the embryo sac finally assumes the shape of a prolate spheroid 
whose longitudinal axis measures about 1400m. Miss Ferguson (25) 
found that the full-sised free-nucleate gametophyte of Pinus Strobus 
contains about 2,000 nuclei. These facts cited by Nichols and Miss 
Ferguson seem to agree quite closely with my observations on J. vir- 
ginuma. Figs. 92 and 93 are dunams of the nucellus and gametophyte 
of J. virginiana drawn to the same scale so as to show the comparative 
sizes of the 8-nucleate stage and the full-sized gametophyte just prior 
to its cell wall formation. 

Mile. Sokolowa (63) and Nor4n (47) state that no cross walls are 
formed in the early fonnation of the cellular gametophyte of Juniperus 
until the tube-like cells meet at the center of the prothallial cavity. 
Miss Ferguson (25) and Mathews (40) have shown that in Pinus cross 
wails are formed in these cells rather early in the growth of the prothal- 
lium, and Nichols (45) shows the latter to be true of J. communis. It 
is imdoubtedly true of J. virginiana as well (Fig. 94). 

Thomson (70) described the megaspore membrane of J. sabina and 
J. virginiana, and Nor6n (47) and Nichols (45) studied the megaspore 
membrane in J. communis. These authors agree that this coat is formed 
during the free nuclear period of the embryo sac and reaches its highest 
development at about the time of fertilization. It is about 3 m thick 
and about uniform in thickness except where it thins out considerably 
in the archegonial region of the prothallium. The coat is composed of 
two distinct layers, the fibrillar exosporium and the thicker homogeneous 
endosporium. Thomson stated that the exosporium is suberized, while 
the endosporium is largely cellulose. He also showed that the megar 
spore coat of gymnosperms is strikingly similar to that of the micro- 
spore coat. 

The tapetum of the female gametophyte of gymnosperms is generally 
recognized to be homologous with the tapetum of the microsporangium. 
As Nor4n (47) and Nichols (45) have shown for J. communis, the ttqie- 
tum of the microsporangium of J. virginiana as well as that of the female 
gametoph}^ is derived from the non-functional cells of the male and 
female archesporia, respectively. ' As the free-nucleate megagameto- 
phyte develops, these cells multiply rapidly and continue to invest the 
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yoimg gazneto^hyte. As stated above, these cells contain a rich supply 
of cytoplasm and numerous small starch grains. Nichols showed 
this layer to be still present when the cellular tissue of the gametophyte 
is being organized (Fig. 94), but subsequently rapidly disorganized. 

The archegmium. — Between four and ten cells at the center of the 
extreme micropylar end of the female gametophyte are from the time 
of their formation a little larger than the other gametophyte cells and 
are destined to become the archegonia. Fig. 95 shows the very early 
differentiation of the archegonia on May 28, approximately one week 
before fertilization. One of the archegonial initials has already divided 
to cut off the neck initial cell above from the central cell below, while 
the other one is undergoing this division. As pointed out by Nor6n (47), 
the central cell nucleus is at first very similar in size and appearance 
to the nuclei of the surrounding gametophyte cells. Again, agreeing 
with J. communis f the group of 4-10 archegonia of J, virginiana forms 
a simple complex with no gametoph 3 rte cells between them. Figs. 67, 
69, and 101 represent longitudinal sections of three different archegonial 
complexes. Interesting exceptions from this type of archegonial ar- 
rangement have been reported in closely related conifer groups. Lawson 
(35) shows that the numerous archegonia in the gametophyte of Sequoia 
sempervirens are variously grouped but always oriented with their necks 
directed to the side of the gametophyte, and he states that the arche- 
gonial initials arise from certain cells deep within the gametophyte tissue, 
rather than peripheral cells. Saxton (58) also reported lateral arche- 
gonia in Actinosirohus pyramidalis. In Cunninghamia sinensiSy Miyake 
(42) showed that the archegonial complex usually has a sterile core of 
prothallial tissue at the center and that the tapetal or sheath layer of 
cells invests the outer margin of the archegonial complex. 

The archegonia mature rapidly, and as is typical for the conifers bear- 
ing archegonial complexes, all the activities in all the archegonia of a 
complex usually occur about simultaneously. After cutting off the neck 
initial, the archegonium elongates considerably, and the neck initial 
cell divides twice to give rise to a tier of four neck cells (Figs. 96, 97). 
The young elongated archegonium contains a thin, peripheral layer of 
C3rtoplasm lining the archegonial wall which encloses a large central 
vacuole extending nearly the full length of the archegonium. The 
cytoplasmic layer is thicker at the upper end of the archegonium, and 
the central cell nucleus is embedded in this upper cytoplasm (Fig. 96). 

By the time the archegonia have reached their full length the adjacent 
gametoph}rte cells have become organized into a single-layered jacket 
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or sheath completely investing the archegonial complex excepting the 
archegonial necks. These cells contain denser cytoplasts than their 
sister gametophyte cells, but like these gametophyte cells they are usu- 
ally binucleate (Figs. 102, 111). Nor^n (47) and Nichols (45) stated 
that while the nuclear division which gives rise to this binucleate condi- 
tion may be amitotic, mitotic figures have also been observed in the late 
history of the jacket cells. 

Considerable attention has been paid to the peculiar granular deposits 
which appear in the archegonial cytoplast shortly before division of the 
central cell. These deposits together with the numerous cytoplasmic 
striations which radiate about them present striking aster-like conjfigurar 
tions which are certainly a conspicuous feature of the archegonium of 
J. virginiana. Nor4n (47) and Nichols (45) have assigned to these 
structures the terms ‘^Strahlungscentren^' and ^^asteroids/^ respectively. 
Nichols stated that in J. communis ^*one of these asteroids is invariably 
situated in close proximity to the nucleus [central cell], and a second 
one may frequently be seen directly below this, while one or more are 
present in the lower part of the cell.^^ The same arrangement seems 
to hold also in J, virginiana ^ but except for the constancy of the presence' 
of one of these bodies just below the central cell nucleus, other asteroids 
are variously placed in different archegonia, and there may be several 
of these structures in a single archegonium. Several investigators have 
reported these structures in different groups of gymnosperms. Coker 
(16) discovered and described them thoroughly in Taxodium and sug- 
gested that their presence in the lower part of the long archegonium of 
Taxodium^ which, as in Juniperus, has a large central vacuole separat- 
ing the lower portion of the archegonium from the upper portion, may 
serve to provide more definite mechanism for the regulation of tlu' 
entrance of the plastic material (nutrition) at this end.” The asteroid 
located just below the central cell nucleus has been thought to function 
in the mitosis of this nucleus. (See Figs. 98, 99, 101 .) As a rule, these 
bodies begin to disappear very rapidly soon after the mitosis of the 
central cell. 

The proteid vacuoles, so common in the developing egg cytoplasm 
of gymnosperms, were first described by Hofmeister (28). They are 
rather numerous in J. virginiana (Figs. 100, 102, 103). They begin to 
appear at about the time of the central cell mitosis and to disappear 
soon after fertilization, but they are never as conspicuous nor as largo 
in J. virginiana as in the Abietineae. These proteid vacuoles are gen- 
erally agreed to be in some way concerned in the nutrition of the egg. 
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A thorough review of the literature on this subject has been presented 
by Stopes and Fujii (64). 

Division of the Central Cell Nucleus. — Nor4n (47) and Nichols (46) 
gave thorough descriptions and demonstrations of the division of the 
central cell nucleus of J. communiSy which produces the ventral canal 
nucleus at the top of the central cell cytoplast and the egg nucleus just 
below it. 

The central cell nucleus of J. virginiana divides just two or three 
days prior to fertilization. All of the cells of an archegonial complex 
divide approximately simultaneously and very rapidly so that it is 
very difficult to obtain a complete series of stages of this division. The 
ventral canal nucleus also disappears very soon after it is formed. 
During this division, the archegonial cytoplast still contains a fairly 
large central vacuole. Just prior to the division, this nucleus shows a 
delicate reticulum with a conspicuous central nucleolus. The nuclear 
membrane on the side toward the asteroid becomes somewhat wrinkled 
and as described by Nichols, ‘‘pressed or drawn inward^' (Fig. 98). 
Fig. 99 shows the telophase of this division. The chromosomes appear 
as delicate fibrous bands at the poles of the spindle. In Fig. 100 the 
division has been completed. The degenerate ventral canal nucleus is 
located at the top of the egg cytoplast, and the egg nucleus has become 
organized and considerably enlarged. Several investigators have be- 
lieved that the spindle fibers for the central cell mitosis arise at the locus 
of the asteroid below the nucleus, but Nichols (45) was convinced that 
the asteroid does not contribute to the spindle formation “and its only 
apparent use in Juniperm is to form a support for the free lower pole 
of the spindle, ...” 

By the time of completion of the central cell mitosis, the central 
vacuole of the archegonium has vanished, the asteroids are disappearing, 
and the egg cytoplast begins to become rich in nutritive materials. The 
archegonial complex is surrounded by a specialized layer of jacket cells 
which are tapetal in nature (Figs. 101, 102). The eggs in the center 
of a complex are not, however, in contact with the jacket layer except 
at their lower ends. Since the cytoplasmic content of the centrally 
situated egg cells appears very similar to that of the outer eggs, it 
would seem, as Lawson (37) has suggested for LibocedruSy as if the food 
substances are translocated from egg cell to egg cell in the same way 
they are transferred from jacket cells to egg cell. Unlike the thick egg 
membranes of the cycads (Chamberlain, 13) and the Abietincae (Fergu- 
son, 26; Mathews, 40), this membrane of J. virginiana is exceedingly 
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thin at the bottom but somewhat thicker toward the top of the arche- 
gonium (Figs. 102, 103). 


XII. FERTILIZATION > 

After the division of the central cell nucleus, the lower daughter 
nucleus becomes the egg nucleus and rapidly enlarges and moves down- 
ward in the egg c}rtoplasm to a point just above the central vacuole. As 
noted above, however, very soon after this division, the central vacuole 
begins to diminish gradually until it soon vanishes entirely from the 
egg cytoplast. Meanwhile, the rapid acquisition of nutritive materials, 
accompanied by the formation of numerous proteid vacuoles, causes the 
^ csrtoplasm to become much denser (Fig. 100). The young egg 
nucleus is ovoid and contains a close reticulum of linin threads on which 
are arranged irregular deposits of chromatin (Fig. 100). At the time 
of fertilization the egg nucleus is approximately 60 microns long and 
42 microns in diameter. 

Fertilization occurs about June 4th at Duke University, Durham, 
North Carolina. Fertilization stages were found in material from the 
same tree 2 to 3 days before and 2 to 4 days after June 4th. To sum 
up a few dates of important stages prior to fertilization: (1) the rela- 
tively rapid advance of the pollen tube downward from the upper third 
of the nucellar tip begins about 6 to 7 days before fertilization; and (2) 
the tip of the pollen tube enters the archegonial chamber above the 
archegonial complex about 1 to 3 days later; (3) the division of the body 
cell occurs about 2 to 4 days after the pollen tube has entered the arche- 
gonial chamber; (4) fertilization occurs about 2 to 4 days after the 
production of two sperm cells by division of the body cell. 

Very thorough accounts of the fertilization in J. communis have been 
presented by Nor4n (46, 47) and Nichols (46), and the descriptions of 
these authors agree with the facts in J. virginiana. Figures 102 and 
103 show two st^es in fertilization in J. virginiana. The egg nucleus 
at the time of fertilization contains an irregular arrangement of linin 
threads on which are located very irregularly shaped chromatin de- 
posits. Numerous pseudonucleoli (Nor6n, 47) are also present in the 
nucleus. Nichols (45) has shown for J. communis that just prior to 
fertilization the pollen tube membrane is dissolved or ruptured directly 
above the neck of an archegonium, and one of the male cells is squeezed 
throuid^ the neck to the egg, carrying the broken-down neck cells with 
it. There is no receptive vacuole In the egg of the investigated species 
of Juniperus as in the Abietineae. Nichols observed that the mem- 
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brane of the sperm of J. communis var. depressa is usually cast off before 
the sperm enters the egg, and he frequently found the remnants of the 
neck cells and the stalk and pollen tube nuclei of this species lying in 
the upper part of the egg cytoplasm immediately after fertilization. 
Unlike the condition in the Abietineae, where only the sperm nucleus 
farthest in advance in the pollen tube fimctions in fertilization so 
that only one egg is fertilized by one pollen tube, in Juniperus usually 
each of the two equal sperm cells effects fertilization in two separate 
archegonia. The relative sizes of the sperm nucleus of J. virginiana 
compared with that of the egg are about 1:4 as pointed out by Nichols 
for J. communis and not 1 : 1 as reported by Nor4n for the same species. 

The male nucleus is accompanied or followed by its mantle of cyto- 
plasm and starch as it rapidly approaches and finally comes in contact 
with the upper side of the egg nucleus (Figs. 102, 103). C!oker (16) 
seems to have been the first investigator especially to emphasize the 
significance of the great abundance of starch furnished by the male 
cell in fertilization in a gymnosperm, viz. Taxodium. All students of 
gymnosperms prior to Coheres work seemed to agree that the male 
nucleus slips from its protoplast as it approaches the egg nucleus and 
loaves the protoplast behind near the point of entrance. Nor6n and 
Nichols described the entrance of the male protoplast to the egg in 
Juniperus. But until the present writing only the male nucleus in 
angiosperms as well as in other plants and animals has been considered 
as significant if even functional as a part in the fertilization phenomenon. 
Coker (15) says for Taxodium that ^'taking the occurrence of starch as 
an indication of the presence of Icucoplasts, we find that most of the 
plastids of the proembryo of Taxodium are furnished by the male cell,'’ 
since all signs of starch in the e^ cytoplasm were negligible. This is 
certainly true for J. virginiana. However, as Coker pointed out, 
chromaiophores or leucoplasts, or mitochondria^ which require special 
methods to demonstrate, may well be present in the egg cytoplasm and 
therefore sooner or later contribute to the plastid contents of the embryo 
cells, although the quantity of starch granules supplied by the sperm 
cytoplasm compared to quantity appearing in the proembryonic cells 
seems to be approximately equal. In the light of a recent paper by 
Anderson (2) on Antirrhinum majus L., etc., who thinks it very likely 
that cytoplasmic inclusions (including plastids) are transmitted from 
the pollen tube to the egg during fertilization to combine -with similar- 
appearing inclusions already surrounding the egg nucleus, it might be 
that male starch and plastids are brought into association with female 
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inclusions (mitochondria, etc.) during fertilization in J, virginiana so 
that the ultimate embryonic cells may be supplied with a male and a 
female complement of cytoplasm and cytoplasmic inclusions. As far 
as the visible starch content of the proembryonic cells of J. virginiana 
is concerned, however, at least its plastids seem to have been entirely 
furnished by the male cell (Figs. 102-109; 114), and with each mitosis 
of the proembryo after fertilization, each daughter cell receives a supply 
of the starch present in the zygote C 3 rtoplasm. Nor4n (47) noted an 
increase in the starch content in the zygote cytoplasm after fertilization 
in J. communis. There is also an increase in the volumetric proportion 
of starch at this time in J. virginiana compared with that of the starch 
sheath of the sperm before fertilization. The obvious explanation of 
this is that each small granule (plastid?) brought in by the sperm cyto- 
plast receives an additional deposit of starch after it enters the egg 
C3rtoplast, causing a marked increase in the total volume of starch. 

As may be noted in Figs. 102 and 103, a conspicuous vacuolation is 
left in the egg cytoplasm behind the sperm as it advances to unite with 
the egg nucleus. This has already been explained by Nor4n (47) as 
being due to the sperm^s pushing the egg cytoplasm downward and side- 
wise out of its path. The sperm nucleus usually causes a considerable 
depression in the egg nucleus (Fig. 103), as has been described for other 
conifers, and comes to lie in this depression. The sperm nucleus reaches 
the egg nucleus just above the center of the egg and immediately there- 
after both of the nuclei move to the base of the egg cytoplast where 
they become invested by the starch sheath derived from the sperm cell 
and their fusion ultimately occurs. Nichols (45) concluded that in 
J. communis dissolution of the sperm and egg nuclear membranes oc- 
curs at their points of contact before any indication of the first seg- 
mentation division appears. 

XIII. EMBRYO FORMATION 

Development of the proembryo. — ^Blackman (5), Chamberlain (12), and 
many other investigators of conifers have shown that the chromatin 
substance of the male and female nuclei may be distinguished in the 
early preparation of the fusion nucleus to divide. Blackman also 
pointed out that it is only when the ‘‘half chromosomes derived from 
the male and female nuclei respectively fuse together at the poles of 
the first segmentation spindle*’ that fertilization may be considered as 
comipleted. Nor4n (47) states that in /. communis the chromatin of 
the male and female nuclei is gradually transformed into pseudonucleoli 
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which become g^rouped on either side of the dividing membranes of the 
fusion (zygote) nucleus. These pseudonucleoli then become arranged 
into two spiremes and the mitosis proceeds to completion. Nichols 
(46) describes for J. communis var. depressa that the zygote nucleus 
rests for one or two days after fusion and following this there gradually 
begins to be constructed in the nucleus what appears to be two spiremes 
of moniliform threads well differentiated into chromatin and linin. 
These spiremes then draw themselves together and the segmentation 
division occurs. Fig. 104 shows the metaphase of the first division of 
the fusion nucleus in J, virginiana^ and Figs. 105a and 105b represent 
the resting stage of the first two sporophytic nuclei produced in this 
division. The chromosomes of the early sporophytic mitoses are 
strikingly slender curved rods (Figs. 104, 106, 110). The diameter of 
the fusion nucleus at this time is exceptionally great, and the faint 
protoplasmic meshwork described by Nichols (45) as being sometimes 
noticeable in the mature egg nucleus before fertilization is striking at 
this time (Fig. 104). The fusion nucleus together with the investing 
starch sheath almost completely fills the base of the archegonial cavity 
from side to side. 

The poles of the mitotic spindle of the fusion nucleus are so arranged 
that the two resulting groups of chromosomes become located one above 
the other in the base of the archegonium. After the completion of the 
first segmentation division, and during the organization of the two rest- 
ing nuclei, the investing layer of cytoplasm and starch presses in be- 
tween the two daughter nuclei so that each nucleus becomes surrounded 
by approximately an equal amount of starch (Figs. 105a, 105b). Thus 
a 2-nucleate proembryo, or the first two nuclei of the sporophyte, is 
formed. 

The subsequent divisions which give rise to the 12-ceIled proembryo 
occur in rapid succession, three days being the maximal time required. 
The second sporophytic division (Fig. 106) gives rise to 4 free nuclei 
which arrange themselves in a tetrad at the base of the archegonial 
cytoplast, each nucleus still being well invested by the starch accumula- 
tion (Fig. 107). The third sporophytic division produces eight free 
nuclei which become variously arranged at the base of the archegonial 
cytoplasm (Figs. 108, 109); but the usual arrangement seems to be that 
of three tiers, in which the order from top to bottom is 4, 3, 1 nuclei 
as in Fig. 109. Wall formation now sets in to cut off each of the eight 
sporophytic nuclei together with a quantity of cytoplasm and starch, 
leaving only the four cells of the upper tier open to the archegonial 
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csrtoplasm above. The cytoplasm of these early sporophytic cells 
shows a marked radiation about the nuclei with cytoplasmic strmids 
extending to and connecting with the limiting plasma membranes 
(Fig. 109). 

Soon after the 8-celled proembryo stage, the four cells of the upper 
tier divide simultaneously (Fig. 110) to form the 12-oelled proembryo, 
of which only the four cells of the uppermost tier remain open above. 
These are termed the rosette tier of the proembryo (Fig. 111). This 
marks the end of the proembryonic development that takes place prior 
to the elongation of the proembryo suspensors. The proembryonic 
development up to this point in Juniperue agrees with the other Cu- 
pressineae and Pinus (Ferguson, 26; Mathews, 40) and the.other Abie- 
tineae. But as shown by Coulter and Chamberlain (19) and Mathews, 
a further division occurs in the lowest tier of the proembryo of Pinus 
prior to elongation. 

Miss Ferguson (25) showed that in Pinus all the divisions which oc- 
cur prior to the establishment of the 12-celled proembryo take place 
“imder the direct influence of the egg-cytoplasm . . . suggesting ... a 
closer relationship with those lower g 3 rmnospenn 8 in which many free 
nuclei arise in the egg before the deposition of cell-walls.” Immedi- 
ately following the production of the 12-celled proembryo in J. vir- 
giniana, the tier of cells just below the open rosette tier begins rapid 
elongation (Fig. 111). At this time the formerly active jacket cells of 
the archegonial complex appear considerably elongated, degenerated 
and crushed. Active tapetal function is now assumed by the gameto- 
phyte cells just below the archegonial complex. Iodine stained prepara- 
tions reveal these cells to contain numerous starch grains, and their 
cytoplasts are dense and apparently very active. Gradually a sort of 
“cord” or “core” of such cells becomes distinguishable in a progressive 
development from below the archegonial complex and extending down 
the center of the gametophyte. 

Origin and Formation of the Embryo. — Hofmeister (28) made a few 
observations on the embryogeny of the Cupressineae in his investiga- 
tions of Thuja occidentalis, Juniperus communis and J. virginiana. 
Land (32) included a treatment of this subject in his morphological 
study of Thuja; Saxton made a series of studies of the embryogeny of 
Tetradinis (59), Widdringtonia (55, 56), CaUiiris (57) and Actinostrobus 
(58); and more recently Buchbolz has made detailed examinations of 
this phase of development of Biota (7) and Chamaecyparis (9). Saxton 
found the embryogeny as well as other phases of the life histories of 
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Tetraclinis, Widdringtonia, CaUitria and Actino^obus so distinctive and 
different from other investigated Cupressineae that he suggested placing 
these four genera in a separate tribe of conifers, the Callitrineac, co- 
ordinate with the Cupressineae. Hence, except for Land’s study of 
Thuja in 1902, embryological investigations of species which are un- 
questionably Cupressinean had been comparatively meagre until Buch- 
holz’s critical examination of Biota, etc. (7), in 1926 and Chamaecyparia 
cbtuaa (9) in 1932. Using a combination of paraffin serial sections and 
Buchholz’s dissection technique (Buchholz, 7), the following is the first 
detailed account to appear on the later embryogeny of a species of 
Junijperua.* 

In the conifer proembryo corresponding with that of Fig. Ill of this 
paper, the group of cells below the elongating so-called suspensor tier 
of cells seems to be generally regarded as ‘'embr3ro initial” cells. The 
subsequent history of these cells does not bear out this idea, unless an 
“embryo initial” cell may be so flexible a term as to embrace a cell 
which can give rise to a suspensor initial cell and an embryonic cell. 
Buchholz showed for Biota (7) and Chamaecyparia (9) that during the 
elongation of the first suspensor cells to elongate, which he terms 
“prosuspensors,” and the pushing of these “embryo initiab [end cells 
of proembryo] into the enlarging cavity of the gametophyte,” the em- 
bryo initials divide at their tips to produce a large cell above and small 
cell, the embryonic cell, at the end. Then this author states that “al- 
most immediately the larger proximal cells so cut off form suspensors 
which correspond to the primary suspensor cells in Pinna." 

In the early proembryo of Juniperua virginiana, it is clear that all 
the eight cells below the rosette tier are elongating ceils, and that 
embryo initials which give rise by mitoses directly to embryo cells, do 
not exist in the 12-celled proembryo (Figs. 111-117). The first cells 
of the proembryo to elongate are those of the prosuspensor tier just 
below the rosette tier, and considerable elongation occurs the next day 
after the stage shown in Fig. 110 (Fig. 111). As the prosuspensor cells 
elongate, the bulk of the cytoplasm of each cell becomes collected at 
the lower ends (i.e. the morphological apical end of the proembryo) of 
the cell and contains the nucleus while only a slight parietal layer is 

*While this article was in galley proof a paper on “A new type of embry- 
ogeny in the conifers” by Miss Phyllis L. Cook appeared in the March number 
of the American Journal of Botany. In this paper she showed that in /um- 
perus communia the peculiar development of the embryo was essentially the 
same as brought out in the present paper. 
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left at the top (Fig, 111). Apparently as soon as the proembryo has 
filled the archegonial cavity and some pressure is exerted at the ends, 
the cells at the morphological apex Fig. 112) begin to elongate, 
and very soon these last cells to elongate become so oriented that the 
distal ends of the prosuspensor cells become more or less serially ad- 
joined to the proximal ends of the elongating end cells (Figs. 113, 115). 
The combination of a prosuspensor cell and an elongating end cell may 
be regarded as a siLspemor unit even until after the embryo is produced 
at the anterior end. 

As both tiers of suspensor cells continue to elongate, the tips of those 
of the lower tier present a decidedly haustorial appearance and contain 
numerous starch grains embedded in the dense cytoplasm at the tip 
(Fig. 114). These tips push between the gametophyte cells, gradually 
digesting them and preparing a rather spacious cavity in the gameto- 
phyte for the proembryo (Fig. 115). Soon the whole group of suspensor 
units begins to coil in the same general direction, and meanwhile the 
suspensor cells may divide one or more times (Figs. 116-1 19a). Many 
cells usually become detached from the surrounding gametophytic tissue 
and adhere to the suspensor cells where they are gradually absorbed. 

After the suspensor units have advanced a little more than one-fourth 
of their final lengths (Figs. 116, 117), the distal cell of each suspensor 
unit undergoes mitosis (Fig. 118a, 118b), giving rise to the true embryo 
initial at the tip and a suspensor cell immediately above (the primary 
suspensor of Buchholz, 7). Figs. 118a, 118b were made from a paraffin 
microtome section. Figs. 119a and 119b show the whole proembryo 
and an enlargement of the tip of a suspensor unit (respectively) just 
after this mitosis. As may be noted from the above figures and sub- 
sequent ones, cleavage polyembryony exists in J. virginiana as Buch- 
holz has shown for Biota and Chamaecyparis, After their establishment, 
the embryo initials remain dormant for a period of 3 to 4 days while 
the suspensor cells are rapidly elongating. In addition to the further 
elongation of the suspensor, the further development of the embryo 
system entails rapid mitoses of the embryo initial cells, and the establish- 
ment of a secondary suq^QQsor by at least one of the suspensor units. 
Many whole proembryos at different stages of development were 
carefully dissected to determine the number of cells of which the sus- 
pensor portion of the single units is composed. Four such units are 
shown in Figs. 120a-120d. It is clear that in J. virginiana (1) the 
entire suspensor just prior to the formation of the secondary suspensor 
is composed of 4-7 cells; (2) the cells of the suspensor constitute a 
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definite unit and are therefore not as loosely associated as Buchholz 
has shown for Biota and Chamaecyparis; and (3) there is some evi- 
dence of the proliferation of secondary embryos from prosuspensor 
cells (Figs. 117, 120a, 120d, 129, 130), but this is not as pronounced as 
Buchholz found in Biota and Chamaecyparis, 

By the time the terminal primary embryo has reached the 8-celled 
stage (Fig. 122a), the proembryo system has reached about its maximal 
length, measuring up to 2f mm. (in the coiled state), and the entire 
system has become a much coiled structure, frequently having as 
many as 8 turns in it. 

As in other conifers that show cleavage polyembryony, the primary 
embryo (terminal) which becomes and remains most advanced in its 
development becomes also the final mature embryo of the seed in 
J. virginiana, while the remaining primary embryos as well as any 
secondary embryos that may be proliferated from prosuspensor cells 
become abortive and are eventually absorbed. Strasburger (63) 
studied the development of the primary embryo from the embryonic 
initial cell in Thuja occidentalis and Juniperus and found the develop- 
ment rather similar. The essentials of this development in /. 
virginiana are in accord with Strasburger^s description (his p. 307). 
Although the early primary embryonic cell-groups (viz. before sec- 
ondary suspensor formation occurs) may frequently be formed in 
various ways (Figs, 120d, 123, 124, 125), usually the embryonic 
initial cell (Fig. 119b, etc.) divides by a transverse wall which es- 
tablishes two tiers in the embryonic group (Fig. 121). The lower 
(end) cell gives rise to only embryonic cells, while at least some of the 
cells produced by mitoses of the upper member of this pair give rise 
to the secondary suspensor to be described later. Each of these cells 
now undergoes numerous mitoses in rapid succession, the first mitosis 
in the upper cell being longitudinal but transverse in the lower cell. 
Thus a more or less two-tiered embryonic group of about 12 cells is 
formed as shown in Fig. 123. The primary suspensor cell bearing this 
group has become very large, often 66 microns in diameter, and 
contains a large nucleus near its lower end. All the suspensor cells 
now contain a scanty supply of cytoplasm. 

Buchholz states that the early multicellular embryos of Biota (7) 
and Chamaecyparis (9) seem to develop at least for a brief period by 
apical cell growth as was also noted by Strasburger *(66) for Thuja 
occidentalis, I was unable to detect this method of development in 
the embryo of J, virginiana. There were, however, some indications* 
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of fragmentation of the young multicellular embryos of J. virginiana 
(Figs. 120d, 126a), thereby resulting in a secondary cleavage stage 
in the embryo, as Buchholz found to be a not uncommon character- 
istic in Biota; but J. virginiana agrees more with Chamaecyparis 
(Buchholz, 9) in that such a condition is very rare. 

By the time the embryonic cell mass has reached a stage of ap- 
proximately 125-150 cells, the upper (proximal) cells of the cell 
group begin to elongate posteriorly from the embryo and apply them- 
selves closely to the primary suspensor in the manner described by 
Buchholz (9) for Chamaecyparis obtusa. (See my Figs. 126a, 126b.) 
These cells continue to elongate and to divide until they produce the 
massive secondary suspensor system of Buchholz (7, 9). (My Figs. 
127-130.) In the backward growth of the secondary suspensor 
system, the old primary suspensor is observed to become detached 
and gradually displaced by these elongating suspensors (Figs. 127, 
128). Meanwhile the entire primary suspensor system, including 
all primary embryos except the anterior functional one, begins to 
collapse and degenerate and will finally be entirely absorbed by the 
time the functional embryo is mature (Figs. 128-130). 

While the secondary suspensor system is developing, the mass of 
polyhedral embryonic cells at the distal end of the embryo system 
undergoes rapid mitoses, and throughout at least the majority of the 
embryonic development, all the observable secondary suspensor 
units are seen to be in series with the early established vertical rows 
of embryonic cells below (Figs. 128, 129). 

For a considerable period there is no indication of organal differ- 
entiation of the embryo, but by July 20 and before the embryo is half 
grown, the dome-shaped meristematic bud of the stem tip (plumule) 
becomes recognizable (Fig. 129) . The two broad cotyledonary primor- 
dia appear about the same time as the plumule. Buchholz (6) showed 
that the stem tip meristem of Pinus is visible prior to the appearance 
of the cotyledonary primordia, but the reverse is true in Sciadopitys 
(Buchholz, 8) in which species this author stated that “the stem tip is 
probably delayed until after the seed begins to germinate.” The 
plerome apex of the root in the embryo of J. virginiana is recognizable 
before the plumule and cotyledonary primordia, as Buchholz has also 
shown for Pinus and Sciadopitys. The embryo of J. virginiana 
reaches maturity by the last of July, a little over seven weeks after 
fertilization (Fig. 130). The principal change that occurs from the 
first appearance of the plumule and cotyledonary primordia until 
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maturity is a general elongation of the cotyledons and hypocotyl, 
since the embryo has attained approximately its maximal diameter 
by the time these organs first appear. A gradual reduction and ab- 
sorption of the old primary suspensor system has taken place by this 
time so that very little, if any, of it exists, although a rather elaborate 
secondary suspensor still remains attached to the upper margin of 
the root cap. The root cap agrees with Sdadopitya in Which, accord- 
ing to Buchholz (8), the root-cap embraces less than one-fourth of the 
embryo, and not with Pinus, whose root-cap, according to the same 
author (6), includes nearly half of the embryonic axis. In the median 
longitudinal section of the mature embryo of J. virginiana (Fig. 130), 
the approximate arrangement of the cell layers is shown. There are 
about seven distinct longitudinal layers from the median stele struc- 
ture to the margin of the embryo, and about 17 layers comprise the 
dome-shaped root-cap. Fig. 79 shows the proper proportions and 
relationships of all the tissues which surround the embryo in the 
mature berry-cone at this time. 

XIV. EHBBYOOENY OF THE CT7FRESSINEAE AND BELATED GBOUFS 

In reviewing the investigations of the embryogeny of the Cupres- 
sineae and closely related groups, there seem to be at least two types 
known for the Cupressineae, exclusive of those four genera which 
have been considered as comprising the Callitrineae (see p. 43 above). 
Strasburger (66), Land (32) and Buchholz (9) have described the 
production of only a single embryo from the fertilized egg of Thuja 
(simple polyembryony). On the other hand, cleavage polyembryony, 
or the production of several embryos by a single fertilized egg, has 
been reported for Biota (Buchholz, 7), Chamaecyparis (Buchholz, 9), 
Libocedrus (Lawson, 37), and Juniperua (see present paper). It 
should be noted here that several investigators of the Taxodineae 
(notably Coker (16) on Taxodium, Lawson (36) and Buchholz (10) 
on Crytomeria japonica, and Buchholz (8) on Sciadopitya) have re- 
ported cleavage polyembryony in this subfamily and proembryos 
similar to those of the Cupressineae. However, Buchholz (9) points 
out in his paper on Chamaecyparia that “it appears that the Taxo- 
dineae usually have no primary suspensor" but “have prosuspensors 
which are morphologically equivalent to the structures so-named in 
Chamaecyparia, on the ends of which the embryo initials develop into 
multicellular embryos without the intervention of the very long pri- 
mary suspensor." Saxton’s investigations of the embryogeny of 
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Tttraelinis, Widdringtonia, Callitrig, and Actirwstrobus (see above), 
have shown that the archegonia of these genera occupy a lateral 
position in the female gametophyte and that wall formation in the 
proembryo occurs at an earlier stage (i.e., as early as during the 
transition from the binucleate to the four-nucleate condition in 
AcHnoslrohus and Ccdlitrie). Saxton reports that the proembryo 
completely fills the archegonium in these genera, and he shows di- 
agrammatically for Actinostrobtu that just prior to cutting off *‘em- 
bryo initials” the proembryo is composed of six cells, an apical tier 
of two cells separated by a wall longitudinal to the long axis of the 
proembryo and four cells beneath this tier separated by transverse 
walls. The suspensors elongate laterally from the proembryo but 
toward the base of the gametophyte, since the proembryo itself is 
laterally located in the gametophyte. The zygotes all have cleavage 
polyembryony as is true of the other investigated Cupressineae 
except Thuja. 


XV. SUMMARY 

Juniperus vifginiana L. is a dioecious conifer native to eastern 
United States and southern Ontario. This paper is a study of the 
morphological and cytological development of the sporophylls and 
seed of this species. 

The staminate cones begin to develop in August and attain their 
mature size by winter. Three to four microsporangia develop as 
marginal evaginations at the base and on the lower side of the micro- 
sporophyll; and immediately distal to the microsporangia, the down- 
ward development of a broad, flattened outgrowth from the micro- 
sporophyll completes the formation of the sporophyll’s peltate 
shape. The large resin cavity of the microsporophyll originates 
schizogenously. 

By late September the pollen grains are formed and contain an 
abundance of lai^e starch grains. By the time the exine of the mature 
pollen grain is complete the following spring, this starch supply has 
disappeared. The mature sporangial wail consists of a single layer 
of secondarily thickened cells. 

Meiosis of the pollen mother-cells resembles that of other conifers. 
The mother-cell nucleus is about one-third as large as that of Larix 
and Pinua, wd the reduced number of chromosomes is eleven. At 
meiosis, the mother-cell cytoplasm presents a strikingly alveolar 
appearance due to its starch content, and at completion of the first 
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meiotic divisioR^ starch grains show an alternate arrangement on 
either side of the protoplasmic layer midway between the two resting 
daughter nuclei. 

No further division occurs in the pollen grain until after pollination. 

No sterile prothallial cells are formed, and the mature pollen grain 
is wingless. 

Pollination occurs between the middle and last of February. The 
internal cellulose bands of the microsporangial wall cells facilitate 
sporangial rupture in a manner comparable to the thickened portions 
of the annular cells of leptosporangiate ferns. The pollination-drop 
is particularly noticeable in J. virginiana at the time of pollination. 

The division giving rise to the generative cell and the tube cell 
resembles that of Taxodium but occurs after pollination. The pollen 
grain germinates soon afterwards; the generative cell divides to form 
the body cell and stalk cell nucleus about three weeks later, by 
which time the pollen tube has grown some distance at the tip of the 
nucellus. 

As in other conifers, the early growth of the pollen tube is slow and 
considerably branched in the nucellar tip. About the last of May, 
however, it shows a much more active and direct growth, and within 
a very few days penetrates to the necks of the archegonia. 

The mature body cell possesses a dense cytoplast which contains a 
rich starch supply as is characteristic of Cupressineae, except pos- 
sibly Widdringtonia (Saxton, 56). This cell divides about three 
days before fertilization (i.e., about June Ist) and simultaneously 
with the central cells of the archegonial complex. The resulting 
two male cells are equal and have contents and a thick membrane 
similar to the body cell. 

The ovulate cones begin their development about the first of 
September and continue slight growth during the winter. They are 
borne terminally on axillary branches of the current season. Usually 
two pairs of megasporophylls, pairs a and b from summit of cone- 
axis downward, are borne decussately on the short cone-axis, but some- 
times a lower pair or a rather rudimentary apical pair may enter into 
cone formation. Only sporophyll pair b is fertile. In approximately 
two-thirds of the female flowers, only one sporophyll is fertile and 
bears a single ovule, and in about half of the remaining flowers the 
one fertile member of pair b bears two ovules, while both members 
of pair b of the remaining flowers are fertile, each bearing one ovule. 
The ovules appear about the middle of September and are borne in the 
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axil of the fertile megasporophylls. An outgrowth, the fruit-scale, de- 
velops on the morphological upper side of the megasporophylls. 
Like the more distally located cover-scale of the sporophyll, the 
fruit-scale soon becomes supplied with a separate vascular bundle. 
The fruit-scales of the four megasporophylls continue to grow 
upward and finally coalesce above the ovule or ovules to produce 
approximately the upper half of the outer fleshy coat of the small, 
blue berry-like cone. 

The mature berry-cone of J. virginiana has a stony integumentary 
layer which forms a protective coat entirely surrounding the seed. 
The secondary thickening of the walls of the cells which produce 
this layer begins developing about May 1st in the micropyle-closing 
layer and progresses downward through the middle region of the 
integument until the completion of the lignification process about 
June 6th. The thick-walled stone cells of this layer bear for the most 
part long and narrow simple pits. 

While the ovules appear about the middle of September, the 
megasporophylls are not recognizable to the naked eye until about 
the time of pollination the following spring. During pollination, 
the single megaspore mother-cell may be distinguished near the base 
of the nucellus. Reduction division gives rise to two nuclei, only 
the lower of which divides equationally. The three resulting cells 
do not usually lie in a straight row but are more frequently grouped in 
a manner resembling the tetrad arrangement of the microspores. 
One of the two lower megaspores resulting from the second divi- 
sion develops into the female gametophyte, the other two cells 
disorganizing. 

The archegonia, usually four to ten in number, are arranged in a 
close complex at the center of the extreme micropylar end of the 
female gametophyte as in other Cupressineae. The complex is 
surroimded closely by a tapetal layer which is. more densely supplied 
with cytoplasm than its surrounding sister megagametophytic cells. 
Each archegonium has a tier of four neck ceils. The central cell is 
long and contains several “asteroids” in its cytoplasm. An ex- 
tremely short-lived ventral canal nucleus is cut off rapidly and simul- 
taneously in all the central cells of the archeogonial complex about 
three days before fertilization. 

Fertilization occurs from about Jime 1st to 7th at Chapel Hill, N. C. 
Usually the two equal male cells of a pollen tube effect fertilization in 
two archegonia. The male nucleus is somewhat smaller than the 
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egg nucleus. As in other Cupressineae, as well as in Taxodineae, the 
starch-filled mede cytoplast accompanies the nucleus in fertilization, 
passes through the cytoplasm at the tip of the egg and during fusion 
of the two sexual nuclei entirely enfolds them. This starch and cyto- 
plasm also accompany the fusion nucleus when it subsequently passes 
to the base of the archegonium and are more or less equally distributed 
to the cells of the proembryo. 

Resulting from three divisions of the fusion nucleus, eight free 
nuclei are formed at the base of the archegonium and become vari- 
ously arranged but usually so that one nucleus is lowermost. Cell 
walls are now formed but the upper tier of nuclei, usually four, is 
left open. This tier now divides by walls at right angles to the long 
axis of the archegonium, producing the rosette of free nuclei above 
and the so-called suspensor tier immediately below. 

In the twelve-celled proembryo of J. virginiana, all the eight cells 
below the rosette tier elongate, the upper tier, however, elongating 
first. Cleavage polyembryony is assured early, since the tips of the 
morphologically anterior suspensor cells are separated early by their 
varied directions of penetration of the megagametophyte. Soon, 
however, a cavity is digested in the gametophyte allowing the sus- 
pensor units to become more closely associated. After the suspensor 
units of a whole proembryo have grown about a fourth of their final 
length (i.e., about .6 mm.) and each unit is composed of two to three 
suspensor cells, the anterior cell of each unit divides to produce an 
apical embryo initial cell and the primary suspensor cell. The whole 
suspensor portion of the proembryo continues to elongate in a spiral 
fashion, sometimes reaching the ultimate length of 2.75 mm. and 
showing seven to eight turns in its spiral structure. Meanwhile, 
the suspensor cells continue to divide, and each suspensor unit is 
often composed of four to seven cells. 

By the continued division of the embryo initial cell at the tip of 
each suspensor unit, a small group of embryonic cells is formed by the 
time the suspensor units have completed their elongation. This 
embryonic group can sometimes be seen to be somewhat constricted 
into two tiers of cells. The upper cells of the upper tier soon begpn 
to elongate posteriorly to produce a very extensive secondary sus- 
pensor system as in Biota and Chamaecyparia, while the anterior tier 
of cells contributes most to formation of the embryo proper. Thus 
the embryo initial of each suspensor unit of the proembryo gives 
rise to a separate embryo thereby producing several embryos from a 
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single archegonium. Usually the developing embryo which is most 
anterior becomes larger than the rest and produces the final single 
embryo of the seed. 

The mature embryo is dicotyledonous and reaches maturity about 
the last of July. 
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XVII, EXPLANATION OF PLATES 
Plate 1 

Fig. 1. Longitudinal section of male branch and bud before male cone is recog- 
nizable. r.c., resin cavity. X 17. Aug. 8. 

Fig. 2. Longitudinal section of male cone in earliest stages of miorosporangiai 
origins. X 17. Aug, 8. 

Fig. 3. Longitudinal section of a nearly mature male cone, sg., sporangium. 
X 17. Sept. 23, 

Fig. 4. Mature male cone. X 3. 
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Fig. 5. Longitudinal aection of miorosporophyll before sporangial formation sets 
in. ch.c., chlorophyll-bearing cells; r.c., resin cavity; r.ch., resin chan- 
nel; r.cl., resin cell. X 110. Aug. 8. 

Fig. 6. Longitudinal section of miorosporophyll showing very early stage in 
sporangial formation, r., resin. A plate of three archesporial cells is 
present here. X 110. July 28. 

Fig. 7. Later stage in sporangial formation. Arrow indicates mid-line of cone 
axis. X 110. July 28. 

Fig. 8. Longitudinal section of portion of miorosporophyll showing young 
sporangium with central primary sporogenous tissue surrounded by one- 
layered tapetum and the two-layered sporangial wall, r.c., resin cavity. 
X 110. July 28. 

Fig. 9. Microsporangium with mature pollen mother-cells, p.m.c., pollen 
mother-cell; t., tapetum. X 110. Sept. 23. 

Fig. 10. Fate of the enveloping walls of microsporangium. Inner sporangial 
wall layer degenerating, t., tapetum. X 490. Sept. 23. 

Fig. 11. Microsporangial wall layers and tapetum after young pollen grains are 
developed. The pollen grains are richly supplied with starch. X 490. 
Sept. 23. 

Fig. 12. Longitudinal section of mature microsporophyll before pollination. The 
outer sporangial wall layer alone persists, p.g., pollen grain; r.cl., resin 
cell. X 66. Feb. 12. 


Plate 2 

Fig. 13. Microsporangial wall cells. Longitudinal view, n., nucleus. X 552. 
Feb. 12. 

Fig. 14. Microsporangial wall cells. Cross section view; somewhat diagram- 
matic. X 552. Feb. 22. 

Fig. 16. Fully mature pollen mother-cell. X 1200. Sept. 17. 

Fig. 16 (1). Mother-cell nucleus approaching synizesis. Pairing of the chroma- 
tin material is taking place, — zygonema stage. X 1200. Aug. 21. 

Fig. 16 (l)a. Portion of the chromatin structure of Fig. 16 (1). X 1200. 

Fig. 16 (2). Synizesis. X 1200. Aug. 21. 

Fig. 17. Nucleus recovering from synizesis. Open spireme beginning to form 
X 1200. Aug. 21. 

Fig. 18. Open spireme, uniformly distributed. Alveolar (or frothy) appearance 
of C3rtoplasm from here on is due largely to the accumulation of a rich 
starch content. X 1200. Aug. 21. 

Fig. 19. Pachynema stage. Obviously paired chromatin material shows trans- 
verse segmentation. X 1700. Sept. 23. 

Figs. 20, 21. Strepsinema stages. The chromatin segments are shortening, 
thickening and somewhat twisting. X 1200. Aug. 21. 

Fig. 22. Near diakinesis stage. Chromosomes have attained compact form just 
prior to formation of the spindle. X 1200. Aug. 21. 

Figs. 23, 24. Meta- and telophases of the heterotypic division. X 1200. Aug. 

21 . 
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Fig. 25. Resting daughter nuclei of the heterotypic division. The characteristic 
cytoplasmic configuration midway between the nuclei is due to thicker 
cytoplasm here and a sort of alternate arrangement of large starch grains 
on either side of it. X 1200. Sept. 23. 

Fig. 26. Polar view of resting dyad nucleus. X 1200. Sept. 23. 

Fig. 27. Telophase of homotypic division. X 1200. Sept. 23. 

Fig. 28. Cell plates being formed between the cells of the young tetrad. The 
cytoplasm is rich in starch. X 1200. Sept. 23. 

Figs. 29, 30. Polar views of stages as in Fig. 28, showing the haploid number of 
chromosomes to be eleven. Fig. 29, X 1700; Fig. 30, X 1200. Sept. 23. 

Fig. 31. Young tetrad of microspores surrounded by pollen mother-cell wall. 
X 1200. Sept. 23. 

Fig. 32. Microspores within tbick-walled chambers of tetrad. X 1200. Sept. 23. 

Fig. 33. Microspores being liberated from tetrad chambers. X 1200. Sept. 23. 

Fig. 34. Young microspore after being freed from tetrad chamber. X 1200. 
Sept. 23. 

Fig. 35. Intinc and exinc walls developing around pollen grain. X 1200. 

Fig. 36. Mature pollen grain with cytoplasm rich in starch in resting condition 
prior to the winter rest period. X 1200. Sept. 23. 

Fig. 37. Pollen grain just before pollination. Very little, if any, starch is now 
present. X 1200. Feb. 12. 

Figs. 38”40. Pollen mother-cells and a microspore dyad showing reaction to 
starch test in different stages of development. X 1200. Aug. 21. 

Fig. 41. Pollen grain prior to germination at tip of nucellus. nuc., nuceilus. 
X 1200. Feb. 25. 

Figs. 42, 43. Early germination of pollen grain at tip of nucellus. The mucilagi- 
nous pollination-drop is present at the tip of the nucellus at this time, 
g.c., generative cell; p.t.n., pollen tube nucleus; p.d., pollination-drop. 
X 1200. Mar. 22 and 26, resp. 

Plate 3 

Fig. 44. Pollen tube penetrating tip of nucellus. p.t.n., pollen tube nucleus* 
Generative cell (g.c.) has changed from lenticular to spherical shape. 
X 490. Mar. 30. 

Fig. 45. Pollen tube and contents after division of generative cell, the whole 
still near tip of nucellus. b.c., body cell; st.n., stalk cell nucleus; p.t.n., 
pollen tube nucleus. X 490. Apr. 19. 

Fig. 46. Pollen tube and contents. The body cell is acquiring a densely granular 
cytoplast. b.c., body cell. X 490. May 19. 

Figs. 47-49. About the time of fertilization. (See below.) 

Fig. 47. Just prior to division of body cell (b.c.) and subsequent to division of 
central cell. The body cell cytoplast is filled with starch granules. The 
egg nucleus has not attained yet its full size, eg., egg cell. X 234. 
June 4. 

Fig. 48. After division of body cell to form two equal sperm cells (sp.). X 234. 
June 3. 

Fig. 49. Median section of a mature sperm cell and edge of its partner, the latter 
shown in outline. X 530. June 3. 
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Fig. 50a. Young female branch when cone branches are first recognisable. 
Branches marked bear very young ovules at their tips. X 5. 
Sept. 16. 

Fig. 50b. Ovule from a branch of Fig. 50a. nuc., nucellus. X 56. 

Fig. 51. Most common type of female fiower, showing three opposing pairs of 
sporophylls and one ovule. From the tip of the fioral branch, they run 
in order a, b, c. One member of pair ^^b’* is fertile. The fertile sporo- 
phylls are underlined. X 8. About Mar. 29. 

Fig. 52. An uncommon fiower type with an additional pair of sporophylls, a', 
which is sterile and above pair a on the cone axis. X 8. About Mar. 29. 

Figs. 53a, 53b. A not uncommon flower type with one of the members of pair b 
being fertile and bearing two ovules. Contrary to the one-ovule type, 
in the two-ovule type, the sporophyll pair c usually enters into the 
sporphyll fusion to produce the berry-cone. X 8. About Mar. 29. 

Fig. 54. Two-ovule flower type in which one ovule is borne by each member of 
sporophyll pair b. X 8. About Apr. 5. 

Figs. 55-50. Female floral diagrams to show the most common floral configura- 
tions. The sporophyll pairs which usually enter into the berry-cone 
formation are shaded in, and the order from cone apex downward is 
labeled from a' and a, etc. ov., ovule. X 24 and X 44. 

Plate 4 

Fig. 60a. Mature one-seeded berry-cone in side view showing cover scale tips, 
the fertile member of pair b (underlined) being solitary. The seed is 
outlined. X about 4. Jan. 

Figs. 60b, 60c. Views at right angle to that of Fig. 60a. 

Fig. 61. Mature two-seeded berry-cone in side view. In this type, only one 
member of sporophyll pair b is bearing the two seeds. X about 2. Jan. 

Fig. 62. Mature two-seeded berry-cone in side view, in which each member of 
sporophyll pair b is bearing one seed. X about 2. Jan. 

Fig. 63. Longitudinal section view of female flower just after pollination. Indi- 
cation of the sporophyll-outgrowth (ovuliferous- or fruit-scale) may be 
noted here, p.g., pollen grain; m.m.c., megaspore-mother-cell. X 17. 
Mar. 5. 

Fig. 64. Later stage of cone development. The sporophyll outgrowths are ad- 
vancing above the necks of the ovules, and their separate vascular sup- 
plies may be noted, o.s., fruit- (ovuliferous) scale; c.s., cover-scale. 
X17. Mar. 30. 

Fig. 65. After fusion of the sporophyll-outgrowths above necks of ovules. X 17. 
Apr. 15. 

Fig. 66, Female cone at the beginning of secondary thickening of the integument 
to form the stony layer of the seed, s.t., stony tissue ; m-g., megagamet- 
ophyte. X 17. May 9. 

Fig. 67« Berry-cone showing further progress in stony tissue formation, p.t., 
pollen tube; s.t., stony tissue; nuc., nucellus; ar., archegonium; m-g., 
megagametophyte. X 17. May 26. 

Fig. 68. Longitudinal section showing method of closure of sporophyll-out- 
growths at tip of berry-cone, cu., cuticle. X 110. About May 26. 
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Fig. 59. Seed in longitudinal section view just after fertilisation to show dia* 
graxzunatieally the nearly final stage in the stony layer development. 
X 17. June 6. 

Fig. 70. Tip of integument in longitudinal section view to show details of begin-* 
ning of stony tissue formation. Cell is about the first cell below 
the micropyle-closing cells (mi. cl.) to show the secondary thickening. 
X 234. Mayl. 

Fig. 71a. Slightly later stage in stony tissue formation. The outer ^'fieshy^* 
layer (o.f.), one cell in thickness and just beneath the epidermis, and the 
inner papery layer (l.p.) may now begin to be differentiated from the 
middle stony layer (s.t.). X 234. May 9. 

Fig. 71b. Details of two cells from Fig. 71a. The normal and active protoplasts 
are shrunken due to fixation. X 530. 

Plate 6 

Fig. 72. Further stage in secondary thickening of stone cells adjacent to inner 
papery tissue cells (i.p.). p., pit. X 630. May 26. 

Fig. 73. Longitudinal section about mid-way the integument of an ovule of the 
stage of Fig. 67. o.f., outer ^'fleshy’’ layer; s.t., stony tissue; i.p., inner 
papery layer. X 234. May 26. 

Fig. 74. Laterstageinsecondary thickening of stone cell. Surface view. X 623. 
June 4. 

Fig. 76. Section views of stone cell wall in late stage of thickening. X 1063. 
p., pit. June 4. 

Fig. 76. Stone cells in longitudinal view showing pits and apparently normal 
and active protoplasts with projections from their periphery into the 
pit openings, s.w., stone-cell wall. X 490. June 4. 

Figs. 77, 78. Transverse and longitudinal views of mature stone cells of the seed 
coat stained with safranine and Delafield’s haematoxylin. The nuclei 
are still present. X 490. Aug. 6. 

Fig. 79. Longitudinal section view of a mature berry-cone to show proportions 
and relationship of parts. spL, sporophyll; o.f., outer “fleshy" layer; 
s.t., stony tissue; i.p., inner papery layer; nuc., nucellus; m-g., mega- 
gametophyte; v.-o.s., vascular supply to fruit-scale; v.-c.s,, vascular 
supply to cover-scale; e., embryo; r.c., resin cavity. X 18. Aug. 8. 

Fig. 80. Histological details of the portion of Fig. 79 embraced by the two 
parallel lines and brace near top of figure, r.ca., resin channel. Re- 
mainder of abbreviations as in Fig. 79 above. X 66. 

Plate 6 

Fig. 81. Group of sporogenous cells (about 8 in all) surrounded by spongy tissue 
(sp.t.) at base of nucellus. The larger upper cell would probably be the 
functional megaspore mother-cell. X 630. Mar. 6. 

Fig. 82a. Tip of ovule after germination of pollen grain, p.g., pollen grain; mi., 
micropyle; p.d., pollination-drop; nuc., nucellus. X 163. ^Mar. 22. 

Fig. 82b. Megaspore-mother-cell (m.m.c.) differentiated at base of nucellus in 
same ovule as in Fig. 82a. X 630. 
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Figs. 88-87. Triads of megaspores. The megaspores are not generally arranged 
in straight rows. In Fig. 85, the lowest megaspore is below the level of 
the other two. (See below.) 

Fig. 83. MegaSpore triad. X 530. Mar. 22. 

Fig. 84. Megaspore triad. X 530. Mar. 26. 

Figs. 85, 86. Megaspore triads. X 530. Mar. 24. 

Fig. 87. Triad of megaspores. X 1063. Mar. 30. 

Fig. 88. Early free*nucleate megagametophyte (n.m-g.) bearing 8 nticlei in all, 
surrounded by loosely associated spongy tissue (tapetum) and a few 
nucellar cells. X 234. Apr. 15. 

Fig. 89. Later free-nucleate stage of megagametophyte. n.m-g., free-nucleate 
megagametophyte; t., tapetum; nuc., nucellus. X 234. Apr. 17. 

Figs. 90, 91. Prophase and metaphase of division of nuclei in the parietal layer 
of cytoplasm of the young megagametophyte. X 530. About Apr. 17. 

Figs. 92, 93. Comparative sizes of nucellus (nuc.) and free-nucleate megagamet- 
ophyte (n.m-g.) at the earliest and latest development of the latter. 
X 16. Fig. 92, Apr. 16; Fig. 93, May 21. 

Fig. 94. Proportions and relationship of megagametophytic (m-g.), tapetal (t) 
and nucellar (nuc.) layers at the time of early wall formation in the 
megagametophyte. X 234. May 21. 

Fig. 95. Division of archegonial initials at summit of megagametophyte (m-g.) 
to produce the neck initial cell (n.i.) and central cell (c.c.). m.m., 
megaspore membrane. X 490. May 29. 

Fig. 96. Tangential section of young archegonial complex showing an archego- 
nium (ar.) surrounded by jacket layer (tapetum). n., dividing neck cell. 
X 234. May 26. 

Fig. 97. Tier of archegonial neck cells in horizontal plane. X 490. May 29. 

Plate 7 

Figs. 98-100. Division of central cell nucleus to cut off ventral canal nucleus 
(v.c.n.). This division occurs very rapidly, and the ventral canal nu- 
cleus disappears quickly after formation. The large central vacuole 
of the central cell rapidly vanishes while the cytoplasm becomes richer 
in food material. Meanwhile, the newly formed egg nucleus (eg. n.) 
enlarges considerably, and the nucleolymph stains light brown with 
haematoxylin and orange G. X 234. Fig. 98, June 3; Figs. 99, 100, 
June 2. 

Fig. 101. Proportions and relationship of parts of ovule just before divisions of 
body cell (b.c.) of pollen tube (p.t.) and central cells (c.c.) of archegonia. 
o.f., outer ''fleshy^' layer; s.t., stony tissue; i.p., inner papery layer; 
nuc., nucellus; p.t.n., pollen tube nucleus; t., tapetum; m-g., megaga- 
met<^>hyte. X 56. May 29. 

Fig. 102. Fortfon of upper part of an archegonium and adjacent jacket layer (t.) 
and megagametophyte cells (m-g.) at time of fertilization, s.n., sperm 
nucleus; S.O., sperm cytoplasm; eg.n., egg nucleus. X 490. June 4. 

Fig. 103. Basal port of archegonium soon after fertilization showing sperm nu- 
cleus (t^) with its enveloping starch-filled cytoplast in contact with the 
egg nucleuB (9 ). Haematoxylin preparation, ar.m., archegonial mem- 
brane; p.v., proteid vacuole. X 530. June 4. 
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Fig. 104. Division f the fusion nucleus (fertilized egg), s.s., starch sheath. 
X 530. Juno 6. 

Fig. 105a. Archegonial complex showing a zygote with its two basal nuclei in- 
vested by the rich supply of starch, resulting from the first division of 
the fusion nucleus. X 57. June 5. 

Fig. 105b. Details of the basal portion of the 2-iiucleate zygote of Fig. 105a. 
X 530. 

Figs. 106, 107. Details of the second division of the fusion nucleus and the re- 
sulting four daughter nuclei. X 490. Fig. 106, June 5; Fig. 107, June 7. 

Figs. 108a, 108b. Archegonial complex (X 58) and details of basal portion of 
8-celled procrnbryo (X 490). 011 wall formation has set in, each cell 
possessing a nucleus and cytoplast with a rich supply of starch. June 6. 

Fig. 109. Fight-celled proembryo, the tier of 4 cells at the morphological base 
open above. X 490. June 4. 

Fig. 110. Divisions (simultaneous) of the tier of 4 cells of the morphological base 
of the proembryo to produce the open rosette tier above and suspensor 
tier beJow. X 490. June 4. 

Plate 8 

Fig. 111. Proembryo, with prosuspensors (four in one tier) beginning to elongate. 
Some of enveloping megaganietophyte cells (m-g.) arc shown, ps., pro- 
suspensors; s., end cells of proembryo; r.t., rosette tier. X 234. June 7. 

Fig. 112. Elongation of the suspensor cells (s ) at the morphological apex of the 
proembryo has begun. X 231. June 8. 

Fi</ 113. Later elongation of proembryo. X 110. June 4. 

Fig. il4. Morphological api’X of jirocmbryo, showing penetration of the inega- 
gametophyte lissin* by the suspensor units, s., end cells of proembryo. 
X 231. June 7. 

Fig. 115 Later development of proenibryo (from paraffin section). The mega- 
gametophyte cells adjacent to the tips of the suspensor units (s.) possess 
a dens(*r cytoplast in which many staich grains are imbedded, m-g.c., 
sloughed off megaganietophyte cells which have become attached to the 
suspensor cells; ji.c., pioembryonic cavity within megagametophyte. 
X 110. Jun(‘ 9. 

figs, lit), 1 17. Later suspensor units from tw'o different ovules, dissected to show^ 
their cellular structure “1” and “2” of Fig. 116 are obviously the end- 
c(‘lls (s.) of their particular suspensor units. In “3”, a prosuspensor 
c(‘ll lias just divided. Fig. 117 .shows the beginning of proliferation of a 
.secondary embryo (a.e ) from a suspen.sor cell. All suspensor cells have 
megagametophyte cells (ni-g.c ) adhering tightly to their edges. These 
are apparently sloughed off mechanically during the elongation of the 
proembryii. The contents of these cells are used up ?n situ. X 110. 
June 1 1. 

Fig. 1 18a. Later proembryo (from paraffin section), showing division of the end 
cell of a suspensor unit to cut off the (*mbryo initial cell (e.d.) at the 
tip (leaving the primary suspensor cell immediately above). X 56. 
June 17. 

Fig. 1 18b. Details of the mitosis of Fig. 118a. X 490. 
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Fig. 119a. Later proembryo after its suspensor units have cut off their embryo 
initials, pr.s., primary suspensor; e.i., embryo initial cell. About 
June 11. 

Fig. 119b. Details of tip portion of a suspensor unit of Fig. 119a. (See Fig. 119a.) 
X 234. 


PlATB 9 

Figs. 120a-d. Dissected suspensor units at different stages of development. The 
prosuspensor of a unit, as a rule, seems to be comprised of more cells 
the nearer it approaches maturity. The proliferation of secondary (pro- 
suspensor) embryos (a.e.) seems to be much less common in the longer 
proembryos than the shorter ones, pr.s., primary suspensor; e., primary 
embryo; m-g.c. megagametophytic cells. X 43. 

Fig. 121. Daughter cells resulting from mitoses of the embryo initial cell, s.s.i., 
secondary suspensor initial cell. X 234. About June 16. 

Fig. 122a. Later proembryo, entire, showing the characteristically coiled ar- 
rangement of the maturing proembryo, pr.s., primary suspensor; e., 
primary embryo. X 33. About June 18. 

Fig. 122b. Details of the terminal embryonic group of cells of the proembryo of 
Fig. 122a. X 110. 

Figs. 123-125. Later primary embryos and their primary suspensors above. That 
of Fig. 123 is a more typical case. Figs. 123, 125, X 234; Fig. 124, X 110, 
June 18-24. 

Fig. 126a. Later development of a whole proembryo. Embryonal tubes (cells) 
are growing back from the morphological basal part of primary embryo 
to produce the secondary suspensor. X 33. About June 25. 

Fig. 126b. Details of the terminal primary embryo (e.) of Fig. 126a. pr.s., pri- 
mary suspensor; e.t., embryonal tubes (cells). X 110. 

Fig. 127. Later primary embryo. The primary suspensor seems to be dislodged 
from its original attachment and pushed backward by the developing 
secondary suspensor cells. X 110. About June 25. 

Fig. 128. Later proembryo, showing further development of the functional pri- 
mary embryo (e.) and the secondary suspensor (s.ss.) above, pr.s., 
primary suspensor; ps., prosuspensor. X 33. About July 20. 

Fig. 129. Early appearance of the plumule (plu.) and the two cotyledons (cot.). 

Many nuclei are observable in the old prosuspensor units above but are 
not shown here. X 33, About July 24. 

Fig. 130. Mature primary embryo. The parallel lines indicate the arrangement 
of the peripheral cell layers, plu., plumule; cot., cotyledon. X 24. 
July 28. 


























SEED DEVELOPMENT OF LOBELIA AMOENA* 

By W. C. Hewitt 
Plates 10-13 
Historical Introduction 

In 1878 Warming (42) published two figures of the young ovule of 
Lobelia Dortmanna: one with the megaspore mother cell about half grown 
and lying in almost a straight line with the funiculus, and vrith the 
primordium of the integument showing; the other of a nearly mature 
megaspore mother cell lying parallel with the funiculus, and the integu- 
ment developed well beyond the outer end of the single-layered nucellus. 

In the same year Vesque (39) gave the number of megaspores in 
Lobelia laxiflora as usually four but sometimes three. He also showed a 
mature egg apparatus of Siphocampylus Maneltiaefiorua consisting of 
two elongated synergids and an egg cell, with a fusion nucleus just below, 
and an embryo sac ‘tapetum’ well developed. 

In 1880 Ward (41) showed that the number of megaspores in Lobelia 
syphilitica is three, or four with the lower two lying side by side. Most 
of his paper is concerned with a 'cell-plate’ which he showed passing 
transversely through the central vacuole of the two-nucleate embryo 
sac. None of his other figures showed such a plate. He showed figures 
of the mature sac both before and after the polar nuclei fuse to form the 
'nucleus of the embryo sac’; and in his most mature figure shows the 
three antipodals disintegrating, but does not mention this in the text. 

In 1881 Jdnsson (17) described the development of the embryo sac in 
Lobelia Dortmanna. And for L. Aubrietiae he described the develop- 
ment of the megaspores from the megaspore mother cell, and described 
the mature sac. He also showed that the embryo sac develops from the 
lowest of the m^aspores in L. erinus. 

In 1882 Guignard (15) showed three megaspores for L. erinus, but said 
it is possible that a fourth develops; in any case it is the chalazal spore 
which develops into the embryo sac. He mentioned the edrly disap- 

*A thesis submitted to the Faculty of the University of North Carolina in 
partial fulfillment of the requirements for the degree of Master o| Arts in the 
Department of Botany. 
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pearance of the nucellus, and said that the upper end of the sac with the 
egg apparatus steals into the micropyle. 

In 1890 Schlotterbeck (30) considered the transformed antipodals as* 
playing a part in the formation of the chalazal haustorium of Lobelia 
inflata. 

In 1901 Billings (5) showed a figure of the mature embryo sac of 
Lobelia excelsa with only the remnants of the antipodals. He described 
the synergids as being long with no nuclei (but had only one mature sac 
to study). He showed a well developed ‘tapetum' extending from the 
lower end of the nutritive tissue to the upper tip of the embryo sac and 
showed a fibro-vascular bundle extending up into the funiculus. He 
described the early development of the endosperm as dividing first trans- 
versely, then by a longitudinal division in each of the resulting cells, the 
upper cells moving around the elongating egg cell which extends into the 
micropyle with them. He showed that the micropylar and chalazal 
haustoria each develop from two cells of the endosperm but did not show 
which cells develop into the large central mass of endosperm. For L. 
Cliffordiana he described the micropylar haustorium as developing from 
only the nuclei-bearing projections of the two upper cells and the chala- 
zal haustorium as developing from a similar projection from a single 
lower endosperm cell. 

In 1912 Armand (1) gave the haploid number of chromosomes as 
eight for Lobelia erinus, L. urens, and L, Dortmanna. He described the 
exine of the pollen for these species as having three pores of germination 
and germinating very easily in distilled water. He also described the 
grain as containing a granular protoplasm with a spherical vegetative 
nucleus rich in chromatin and an elongated generative nucleus sur- 
rounded by clearer protoplasm. He said that when the tube is 20 times 
as long as the diameter of the spore the vegetative nucleus disappears 
and the generative nucleus divides. These species show a single integu- 
ment, very small nucellus, and a single hypodermal archesporial cell 
which gives rise to four megaspores, the lowest of which (sometimes the 
third) develops into the embryo sac. He described the embryo sac 
before the fusion of the polar nuclei and said that fertilization occurs in 
the usual way: the tip of the pollen tube touches the superior part of the 
embryo sac; the membranes in contact disappear; the synergids swerve; 
and the slightly elongated male gametes appear to enter them. He 
observed double fertilization, the polars not fusing until fertilization 
occurs. And according to him in these species, the fertilized egg elon- 
gates and divides transversely, the superior cell dividing transversely 
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to form a 4-8-ceUed suspensor, and the inferior cell dividing by three 
perpendicular walls to form eight cells which then divide by tangential 
walls to form a 16-celled embryo. He was not able to follow the devel- 
opment further but said that the mature embryo is small and is com- 
posed of undifferentiated cells. 

In 1932 Rosen (28) described the development of the micropylar 
haustorium of Lobelia Dorimanna as developing from the upper daughter 
cells of the first two micropylar endosperm cells, and described the 
development of the endosperm as being cellular from the very beginning. 

In 1936 Kausik (18), for Lobelia trigona, briefly described the develop- 
ment of the ovule, megaspores and embryo sac. The single layer of 
nucellus breaks down at the four-nucleate stage of the sac, ,the inner 
layer of the integument developing into a 'tapetum' which encloses the 
nutritive tissue at the chalazal end of the sac. The fusion nucleus is 
formed before fertilization. He described the divisions in the endo- 
sperm as being first transverse, followed by longitudinal divisions in 
each cell, the latter divisions being perpendicular to each other. The 
two lower cells develop directly into the chalazal haustorium; the two 
upper cells divide transversely, the upper daughter cells developing into 
the micropylar haustorium and the two lower daughter cells dividing to 
form the massive endosperm. He described the divisions of the embryo 
as being first transverse followed by three transverse divisions in each 
cell, making a f our-celled embryo and a four-celled suspensor. He showed 
that the terminal cell of the four-celled embryo undergoes the next divi- 
sion by a longitudinal wall, followed by the division of the next cell also 
in the same plane. He said that the first three transverse divisions in 
the embryo cell can still be seen in late stages of the embryo, but has 
very few figures to illustrate this. He described in some detail the outer 
cells of the integument which become elongated and develop elaborate 
thickenings along their inner and lateral walls. In this paper he paid 
special attention to the nutrition of the embryo sac. 

As far as seed development is concerned, the writer has found no 
mention of Lobelia amoena in the literature, and no work on the 
Lobeliaceae published in this country. In the literature cited above 
(except 1, 18) a brief account of one or more species of the Lobeliaceae 
was included in a general discussion of some particular phase of seed 
development. No full account of the seed development in ^y species 
of the family has been found. 

The present work was done under the direction of Drs. W. C. Coker 
and H. R. Totten, and for this direction the writer is grateful. The 
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writer also wishes to express appreciation for helpful suggestions from 
Drs. J. N. Couch, Velma Matthews, and Vera Millsaps; and to Misses 
Alma Holland, Evelyn Mullen, and Constance Sherman for help in. 
locating references in the literature and translating the articles. 

MATERIALS AND METHODS 

Material was collected around Chapel Hill, N. C., throughout Sep- 
tember and October 1934; from Elizabeth City, N. C., in August 1935; 
from Chapel Hill during July and August 1937; and around Hartsville, 
S. C., during September, October, and November 1938. Material for 
sectioning was killed in weak chromo-acetic solution, formalin acetic 
alcohol, and a combination of Camoy's and Nawaschin’s fixing fluids. 
All of the best material was killed and fixed in the latter combination. 
The material was allowed to stand in Carnoy’s for about ten minutes 
then changed to Nawaschin's fluid which was allowed to react over 
night. 

The tissues were dehydrated through the ethyl alcohol series, and 
through the diethyl ether series. In nearly all cases the latter gave 
better results, but for the young embryo sac the alcohol series gave 
better results. 

Haidenhain’s iron-alum haematoxylin, Flemming’s triple, and safra- 
nin-gentian violet stains were used. The safranin-gentian violet stain 
gave the best results. 

Microspore mother cells and stages showing the divisions of these 
cells to form the microspores were killed and stained by Billing’s iron 
acetic carmine technique. This gave good results on these stages. 

The pollen grains and pollen tubes were stained by Feulgen’s tech- 
nique as described later in this paper. 

Most of the drawings in this paper were made from material which 
was killed in a combination of Camoy’s and Nawaschin’s fluids, de- 
hydrated through the ether series, and stained with safranin-gentian 
violet. The drawings were made at table level with the aid of a Spencer 
camera lucida and reduced. 

STRUCTURE OF THE FLOWER 

The flower is considered epigynous although the top part of the ovary 
is not covered by any of the other floral parts. The stamens, petals, 
and sepals all arise from a common projection about midway between 
the top and bottom of the ovary. The anthers are joined together 
ode by side forming a tube, but the filaments are separate. The petals 
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are fused together forming a long tube which is two-lipped. The sepals 
are fused together at the very bottom with the upper parts projecting 
as five long narrow lobes. The pistil is compound, being composed of 
two locules, a long style, and a two-lobed stigma. Before the lobes of 
the stigma open to expose the stigmatic surface, the outside of the 
young stigma is covered with long bristles which brush the pollen out 
of the pollen sacs as the stigma grows up through the anther tube. 
The placenta is axial with each locule containing a large lobe which is 
covered with numerous anatropous ovules. 

MICROSPORANOIUM AND DEVELOPMENT OP MALE GAMETOPHYTE 

The general appearance of the anther in cross section is tsrpical. 
There are four microsporangia, each containing a mass of microspore 
mother cells surrounded by four rows of wall cells (Fig. 1). 

The microspore mother cells are cuboidal, containing a distinct 
nucleus and small vacuoles. Later the contents of these cells become 
more homogeneous; the vacuoles disappear; and the nucleus gets 
larger. The two divisions of the mother cell are in rapid succession, 
the second division occurring before the spindle of the first is gone 
(Figs. 2-4) ; and both nuclear divisions occurring before wall formation 
begins (Fig. 5). When the young spores are first formed most of the 
cell is filled with a large vacuole, the spore at this stage resembling a 
typical fat cell with only a very narrow band of cytoplasm around the 
outside of the vacuole (Fig. 6). On one side of the vacuole the cyto- 
plasm is a little broader, and it is here that the nucleus is located. 
Similar vacuolated young microspores have been described by Locke 
(20) for Asimina triloba and by Madge (21) for Viola odorata. As 
development continues the entire cell becomes filled with rather granular 
cytoplasm with tiny vacuoles scattered throughout (Fig. 7). The mi- 
crospore then divides in the usual way to form two cells of unequal 
size (Fig. 8). However, this division often occurs while the microspore 
nucleus is on one side of the cell with only a few bands of cytoplasm 
crossing the large vacuole. The smaller cell, the generative cell, is 
located on one side of the spore when it first appears and is separated 
from the tube cell by a distinct membrane. Soon the generative cell 
moves away from the outside of the spore and becomes entirely sur- 
rounded by the contents of the larger tube cell (Fig. 9). The mem- 
brane of the generative cell still surrounds its cytoplasm after moving 
into the vegetative cell, but this membrane disappears very early. The 
nucleus of the generative cell has the appearance of a resting nucleus 
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for only a short time, soon becoming oblong in shape and smaller in 
size, with the nucleolus disappearing and large chromatin granules 
appearing which are scattered throughout the nucleus. When first, 
formed the cytoplasm of the generative cell is not very dense, having 
numerous small vacuoles scattered throughout its contents. After 
moving into the center of the pollen grain this C3rtoplasm changes into 
a dense spindle-shaped mass surrounding the nucleus and projecting 
at each end of the nucleus. This leaves a space surrounding the dense 
C 3 rtoplasm that does not contain any granules and does not stain (Fig. 
9). When the cell membrane of the generative cell disappears, the 
granular cytoplasm of the vegetative cell moves in until it touches the 
dense cytoplasm of the generative cell; but the cytoplasm of the gen- 
erative cell is denser and still can be recognized as a spindle-shaped 
mass until the formation of the pollen tube begins (Fig. 10). 

When this change is taking place in the generative cell, the nucleus 
of the vegetative cell is disappearing, the nuclear membrane disappear- 
ing first. Later the entire nucleus including the nucleolus disintegrates, 
leaving for a time small fragments of deeply staining material scattered 
in the cytoplasm of the cell. The tube nucleus usually entirely dis- 
appears before the pollen tube begins to develop, but in a few cases a 
nuclear mass about the size of the nucleolus of the tube nucleus was 
seen in the pollen grain with the generative nucleus as the tube began 
to develop. In unusual cases one or more fragments from the tube 
nucleus could be distinguished in the tube; however at this time they 
stained very little darker than the cytoplasm of the tube. 

As early as 1879 Elfving (13) thought that the tube nucleus degen- 
erated before the germination of the pollen grain in Hypericum calyd- 
num. The degeneration of the tube nucleus in the pollen grain has 
been reported by Shattuck (33) 1905, for Ulmus americana; by Pod- 
dubnaj a- Arnold! (26) 1927, for Echinops ephaerocephalus, Carduus 
crispus, and CerUaurea ecabioaa, and (27) 1933, for Senecio platanifolius] 
by Sax and Edmonds (29) 1933, for Tradeacanlia] and by Cooper (11) 
1938, for Piaum aativum. The tube nucleus has been reported to show 
signs of disintegration either in the mature pollen grain or early in the 
tube by Osterwalder (26) 1898, for Aconitum napellita; by Barnes (3) 
1885, for Campanula americana] by Armand (1) 1912, for three species 
of Lobelia] by Wylie (44) 1923, for Vallianeria apiralia; by Finn (14) 
1928, for Vinca minor] by Madge (21) 1929, for Viola odorata] by Cooper 
(9) 1935, for Chenopodium hybridumj C, alburn^ Atriplex patula var. 
haatalaf and Salaola kali. There are a large number of cases which 
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show some evidence of a degenerating tube nucleus, and the writer is 
of the opinion that this degeneration is more common than is often 
believed, Wulff and Maheshwari (43) express some doubt as to 
whether in reported cases the tube nucleus does actually disappear or 
whether its apparent absence may be due to failure to stain. We 
have no doubt that in the case of our plant, the disappearance of this 
nucleus is actual and not merely apparent. 

However, in the numerous botanical textbooks that have been ex- 
amined during this study, including the latest ones on cytology, no 
mention is made of the not-so-infrequent early disappearance of the 
pollen tube nucleus in angiosperms, and it is often stated that this 
nucleus is supposed to direct the growth of the pollen tube. The full 
development of the pollen tube in the complete absence of the pollen 
tube nucleus brings up the interesting theoretical question of the abil- 
ity of generative nuclei to function vegetatively as well. This is of 
course assuming that the influence of a nucleus is needed for vegetative 
growth. 

To sum up, at the time that the pollen grain of L. amoena is shed it 
usually contains a generative nucleus surrounded by a definite mass of 
C)rtoplasm and only fragments of the tube nucleus, if there is any of 
it remaining at all. In the pollen tube it is only in exceptional cases 
that even obscure fragments that might have come from the degenerat- 
ing nucleus, can be found. Its wall consists of two layers, a heavy exine 
and a very thin intine. Three elongated pores have developed in the 
exine, where the intine projects outward beyond the general surface 
of the spore (Fig. 10). 

The pollen grains germinate very easily in a 5% sugar solution or in 
distilled water, but in distilled water the tubes do not grow long before 
they burst. In either case the germination begins almost at once. As 
soon as the tube projects through the exine, the cytoplasm on the in- 
side can be seen in constant motion, moving from the spore into one 
side of the tube, up the other side of the tube and back into the spore. 
By the time that the tube grows in length equal to about twice the di- 
ameter of the spore, the contents within the spore itself become so thin 
that their movements are visible. A similar streaming of the cyto- 
plasm in the young tube was described by Bames (3) for Campanvla 
americana. The contents of the spore become very vacuolated, the 
vacuoles soon extending down into the tube. 

For detail study of the pollen tubes, the grains were germinated and 
stained according to the directions given by Lee (19). A thin coat of 
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melted agar-sugar solution (1.5 grains agar, 5 grains cane sugar, 100 
cc. distilled water) was smeared on the slide, and the pollen grains were 
sifted into the solution before it hardened. They were germinated in. 
a moist chamber from 2-16 hours. These tubes were then stained by 
the Feulgen’s technique. 

The generative nucleus does not pass into the tube until the tube has 
grown longer than the diameter of the grain. At the time this nucleus 
enters the tube, there is usually no distinct mass of cytoplasm surround- 
ing it (Fig. 11). The generative nucleus divides to form the two oblong 
or irregular-shaped male nuclei in the tube after the tube is very long 
(Fig. 13), this division occurring when the generative nucleus is about 
the same distance from the tip of the tube as is shown in figure 12. 

development op the ovules 

The ovules begin as little protuberances on the surface of the 
placenta, and up until the time of bending the entire ovule is an undif- 
ferentiated mass. Very early, however, a single hypodermal cell en- 
larges and reacts differently to the stains. This cell, identified as the 
archesporial cell, becomes very conspicuous and functions directly as 
the megaspore mother cell, which is the usual procedure for the Sym- 
petalae (12). When the mother cell is first recognized, the integument 
has already begun developing on the outer side of the curving ovule 
(Fig. 14). The mother cell is covered by only one layer of nucellus. 
This cell elongates to two or three times it original size before its first 
division (Fig. 16). 


MEOASPOBBS 

The megaspore mother cell divides transversely to form a dyad 
(Fig. 16); then each of these cells divides in the same plane to form a 
linear tetrad of spores (Fig. 17). It was not determined which of the 
divisions is the reduction, but the megaspores themselves contain the 
haploid number of chromosomes, seven in this species. In the usual 
way the three spores nearest the micropyle soon disappear while the 
lower one grows larger (Figs. 18, 20). Although this is the usual pro- 
cedure, a few cases have been found in which only three megaspores 
are formed, the upper cell of the dyad not dividing to form two spores 
but containing two nuclei (Fig. 19). In these cases the spore which 
elongates to form the embryo sac is the one farthest from the micropyle. 
In one case the second and fourth spores, counting from the micropyle, 
were both dividing to form an embryo sac (Fig. 21). The second spore 
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was ahead, having already formed a two-nucleate sac with the nuclei 
in opposite ends of the sac while the nucleus of the fourth spore was 
still in the telophase stage of mitosis. The collapsed first and third 
cells could be easily seen. No other stages in such a development were 
found. 


THE EMBRYO SAC 

The development of the embryo sac follows the monosporic 8- 
nucleate normal-type described by Maheshwari (22) and other recent 
writers. The chalazal megaspore, containing a vacuole in each end, 
enlarges until it is as large as the four original spores before it begins to 
divide (Fig. 20), As soon as the first division is complete one nucleus 
moves to each end of the sac, and the vacuoles change from the ends to 
a single large vacuole in the center (Figs. 22, 23). Figures 24 and 26 
show four- and eight-nucleate sacs. Soon strands of csrtoplasm cross 
the large central vacuole of the sac, and three cells are cut off at each 
end, leaving the two polar nuclei in the large central part. The three 
antipodals look almost like an inverted egg apparatus when they are 
fully developed, but they disappear very early. Figure 26 shows the 
egg apparatus (only one synergid in this section) at the upper end of the 
sac, and the three antipodals at the lower end. The two polar nuclei 
move towards each other and fuse in the upper end of the sac. In this 
fusion the nucleoli remain distinct for some time after the nucleoplasm 
mixes (Figs. 27, 28). When the egg apparatus is mature the antipodals 
are disappearing (Fig. 29). At this time each of the synergids is much 
longer than wide and contains a large vacuole which fills the lower half 
of the cell, the nucleus lying in the upper half close to the vacuole. 
The micropylar ends of the two synergids break through the embryo 
sac and push up into the micropyle. The egg cell is much shorter than 
the synergids; and its lower half, containing the densest cytoplasm, 
extends below the synergids. Figure 30 shows a cross section of the 
sjmergids above their nuclei; here neither the egg cell nor the sac is 
present. 


NUCBLLUS 

The part of the nucellus which covers the sporogenous tissue is 
never more than one layer thick. The cells of this layer are cuboidal 
when first observed and in general give the appearance of being in a 
healthy condition (Fig. 14). Soon after the megaspore mother cell 
begins to elongate, the cells of the nucellus stop multiplying, become 
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almoet void of cytoplasm, and give the appearance of being stretched 
(Figs. 15-20). The four megaspores are not much larger than the laige 
mother cell which gave rise to them, and the functional megaspore, 
does not exceed the sise of the four original megaspores until its first 
division. The two-nucleate sac increases in size to about one and a half 
times the size of the four original spores. It is during this increase in 
size that the sac splits the nucellus at its upper end, and the upper end 
of the two-nucleate sac moves out into the space surrounded by the 
integument (Fig. 22). Bushnell (6) has described a similar change in 
the appearance of the embryo sac of Monardafistidom following the first 
divMon of the sac nucleus, and she has shown that the two-nucleate 
sac breaks through the nucellus. The layer of nucellus which originally 
surrounded the upper end of the mother cell and the four spores rapidly 
disappears, and by the time that the sac is mature it is entirely gone. 
The nucellus (nutritive tissue) at the lower end of the embryo sac is 
present until the endosperm is formed. The endosperm forces its way 
down into this part of the ovule and develops into a large haustorium 
which absorbs all of the nucellus before the zygote divides. 

INTEGUMENT 

There is a single integument, the growing point of which may be seen 
at the time when the ovule first begins to bend. The integument is 
first seen on the side of the ovule farthest from the funiculus (Fig. 14). 
The cells of the very young integument are large; as they increase in 
number, they get smaller (Figs. 14, 15, 17). The integument grows 
rapidly. By the time the mother cell is mature, the integument has 
grown out beyond the nucellus at the upper end (Fig. 15) ; and by the 
time the functional megaspore is enlarging the integument has grown 
out beyond the nucellus so far that the upper end of the nucellus seems 
to lie about midway between the upper and lower ends of the ovule. 
The integument continues its development until the endosperm is 
formed. 


‘tapbtum’ 

The inner layer of cells of the integument becomes distinguished as 
a ‘tapetum’ as early as the megaspore stage, even before the three 
micropylar megaspores begin to disappear (Fig. 17). At the time that 
the functional megaspore is ready to divide, the 'tapetum’ is well de- 
veloped from the place where the integument joins the nucellus at the 
lower end to a few cells beyond the upper end of the nucellus (Fig. 19). 
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As soon as the nuoellus disappears, the ^tapetum^ lies next to the em- 
bryo sac. The 'tapetum' reaches its maximum development about the 
time of fertilization. At this stage the cells of the 'tapetum' are long 
and narrow with their longitudinal axis perpendiculai* to the longitudinal 
axis of the sac. At this stage the tapetal cells contain large nuclei 
which do not stain as clearly as the other nuclei of the integument, 
but the rest of the tapetal cell stains much darker than the surrounding 
cells of the integument. The cells of the 'tapetum^ increase in number 
from the time that they first appear until the time of fertilization, 
additional cells being cut off in the Hapetum' and new cells being 
added on at the micropylar end. But this increase in length of the 
^tapetum^ does not keep pace with the rapid increase in length of the 
developing embryo sac; therefore the upper end of the mature sac pro- 
jects out beyond the ^tapetum.' The part of the embryo sac which 
increases in width is the part which is not surrounded by ^tapetum^ 
(Fig. 26). From the appearance of the cells of the integument sur- 
rounding the upper end of the sac above the ‘tapetum,^ the sac digests 
its way up into the micropyle. As soon as the endosperm begins form- 
ing, the entire Hapetum’ begins collapsing (Figs. 38-40). 

fertilization 

The pollen tube grows down through the micropyle, destroys one of 
the synergids, and discharges its contents into the embryo sac. One 
of the male nuclei was seen in different stages of fusion with the fusion 
nucleus (Figs. 33, 34), and the other male nucleus was seen fusing with 
the egg nucleus (Fig. 32). Usually the two polar nuclei fuse before 
fertilization, but often this fusion is delayed until fertilization; then one 
male nucleus and the two polars fuse at the same time (Fig. 31). In 
both the endosperm nucleus and the zygote nucleus, the nucleoli re- 
main distinct for some time after the fusion of the nucleoplasm (Figs. 
33-36). Johansen (16) has described a similar fusion of the gametes 
of Clarkia elegans. The chromosome number in the cells of the integu- 
ment is 14, and the number in the cells of the endosperm is around 20. 
These figures are approximately twice and three times the haploid num- 
ber, seven, counted in the embryo sac. 

ENDOSPERM 

The endosperm nucleus divides before the sperm and ^gg nuclei 
completely fuse (Fig. 36). The first division of the endosperm is per- 
pendicular to the longitudinal axis of the sac. A cell wall is formed 
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after the first division of the nucleus, and there are no free nuclear divi- 
sions in the endosperm. The next division is longitudinal in each of 
these cells with the cell walls in the two cells almost perpendicular to 
each other. Figures 36 and 37 were made from ovules cut obliquely so 
that all four of the cells were showing. In many eases only one cell of 
either the lower two or upper two shows in a single section (Figs. 
38-40). Now each of these four cells divides transversely forming four 
tiers of two cells each (Fig. 37). The two cells of the upper tier never 
divide again but move up around and beyond the zygote and force 
their way up into the micropyle, destroying what is loft of the egg 
apparatus except the egg (zygote), and forming a large micropylar 
haustorium (Figs. 38-40). The two cells of the lowest tier do not 
divide again either, but move down into the chalazal end of the ovule, 
destroying the nutritive tissue, and developing into a large chalazal 
haustorium (Figs. 38-40). Cross sections of mature haustoria, both 
micropylar (Fig. 42) and chalazal (Fig. 41), show that they are com- 
posed of these two original cells. The cells of the two middle tiers 
multiply rapidly to form the massive endosperm of the seed (Figs. 
38-40). About twenty cells are formed in the endosperm and the two 
endosperm haustoria are rather well developed before the first division 
of the zygote (Fig. 38). 

The origin of the chalazal haustorium and the central mass of endo- 
sperm as described above is not in agreement with the account given 
for Lobelia trigona by Kausik (18), who is the only writer having dis- 
cussed the origin of these structures for the Lobeliaceae. The origin 
of the micropylar haustorium is, however, in agreement with the ac- 
count given by Rosen (28) and Kaui^ (18). 

EMBRYO 

The first division of the zygote is transverse, (*utting off what later 
proves to be a primary embryonal cell e and a primary suspensor cell 
s (Fig. 44). In all cases the suspensor cell is the first of these to divide; 
this is also a transverse division (Fig. 46) cutting off a middle cell m 
and a basal cell L Often these two cells will divide again by transverse 
walls before the embryo cell divides; but the most common procedure 
is for the embryo cell to divide first by a transverse wall (Fig. 46) cut- 
ting off an apical cell a, which does not divide again until longitudinal 
divisions begin, and a second embryonal cell /. The cells w, I divide 
by transverse walls forming a four-celled suspensor w, o, p, h (Figs. 
47-49). Each of these suspensor cells may divide again, the divisions 
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in the distal end being either transverse or longitudinal, producing a 
suspensor s about 8~12 cells in length (Figs. 50-65). The second cell 
/ of the embryo divides by a transverse wall to form cells &, g (Figs. 
48, 49). The cells a, b next divide by longitudinal walls, and the cell 
g divides by a transverse wall. Either of these cells may be the first 
to divide, but the product is always the same: two cells side by side in 
both a, b and two superimposed cells c, d formed from g (Figs. 49, 60). 
The first vertical divisions in a, 6 are perpendicular to each other 
(Fig. 50). The embryo now consists of four tiers of cells a, 6, c, d, 
and these four tiers can be traced throughout the development to the 
mature embryo (Figs. 50-56). The next division in both a, b is vertical 
and perpendicular to the first division in that tier (Fig. 51). Cell c 
divides by a vertical wall (Fig. 51). This produces two tiers of four 
cells each at the distal end followed by a tier of two cells c and a tier 
of one cell d. 

In the distal tier a, anticlinal divisions occur first (Fig. 52) followed 
by periclinal divisions (Fig. 53) which cut off the dermatogen in this 
region of the embryo. The first anticlinal divisions in this tier can be 
traced in the development to the mature embryo. These anticlinal 
divisions separate the future cotyledons from the future plumule. The 
outer end of one of these divisions is marked by x in figures 52-56. 

The next division in tier b is tangential, cutting off the dermatogen 
one stage earlier than in tier a (Fig. 52). The inner cells divide again 
longitudinally separating the future periblem from the future plerome 
(Fig. 53). Both longitudinal and transverse divisions occur in the fu- 
ture development of the periblem and plerome in this tier (Figs. 54-66). 
A heavy line separates the periblem from the plerome in figure 56. 

Tier c develops into a single semi-circular layer of cells at the base 
of the embryo (Figs, 52-66). This layer helps to complete the peri- 
blem, dermatogen, and root cap of that region. 

The single cell of tier d does not divide until the embryo is rather 
well developed; then it divides first by a transverse wall (Fig. 54). 
Both the proximal and distal cells from this division divide by longi- 
tudinal walls (Fig. 56). The cells of the proximal row do not divide 
again, but the cells of the distal row divide transversely (Fig. 66), 
separating a periblem portion from a dermatogen portion. The cells 
of the proximal row become a part of the root cap, which is increased 
on all sides by a single cell from tier c and in some places by extra cells 
cut off from the dermatogen of tier b. At the base of the mature em- 
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br3ro there are one layer of root cap, one layer of dermatogen, and two 
layers of periblem (Fig. 56). 

The baaal cell of the suspensor extends into the micropylar hausr 
torium and evidently functions as an embryonal haustoriiun (Figs. 
44-60, 36-40). The two cells of the micropylar haustoritim have 
grooves along their iimer surfaces into which the embryonal haustorium 
fits (Fig. 42). The embryonal haustorium collapses before the seed is 
mature. 

The development of the embryo as described here is in close agree- 
ment with the brief description given by Kausik (18) for Lobelia trigona. 
He did not make it clear where the three transverse divisions occur in 
the primary embryonal cell, and the plane of division for the first longi- 
tudinal division in cells a and b is not in agreement with that found in 
the present work. The development of the embryo as described by 
Armand (1) for three species of Lobelia agrees with the Capsella-type, 
which resembles the t3rpe discussed here only in the fact that it has a 
long suspensor. The differences between the two types of develop- 
ment lie in (1st.) the portion of the embryo derived from the distal cell 
following the first transverse division of the zygote, (2nd.) the formation 
of the octant stage, (3rd.) the plane of the first division in the distal 
cells of the octant stage, and (4th.) the amount of suspensor formed 
from the hypophysis. Cell g (Fig. 49) is considered the hypophysis in 
the present work. 

The writer is of the opinion that there are as many examples showing 
some degree of relationship with the tjrpe of development described 
here as there are showing relationship with the Capsella-type. In very 
few papers are all of these points brought out, but some relationship 
is shown with this type of development in Senecio aureus described by 
Mottier (24) ; in ErechtUes hieracifolia by Cooper (10) ; in Silphium by 
Merrell (23) ; in Ulmusftdva by Walker (40) ; in Daucus carota by Borth- 
wick (4) ; in Pontederia by Smith (34) ; in Rhytidophyllum by Cook (7) ; 
in Carum carvi by Soudges (38) ; in Sherardia arvensis by Sou^ges (37) ; 
in Myosurus minimus by Soudges (35) ; in Senecio by Soudges (36) ; and 
in Melilotus by Cooper (8). 

THE MATURE SEED 

One layer of cells on the outside with a few extra cells around the 
haustoria make up the seed coat. The remainder of the integument 
has been absorbed by the endosperm. The cell walls of this outer 
layer have devdbped a thick band in the form of a ring on the four 



19S9] Seed Development of Lobelia amoena 77 

lateral sides of the cell, touching neither the base nor the outer edge of 
the cell. A few of the outer cells at the micropylar end do not develop 
this thickened ring around the cell. The embryo is small, and most of 
the old suspensor is still attached to it. A large part of the mature 
seed is made up of endosperm, including the two big haustoria. The 
food material has been absorbed from the endosperm adjacent to the 
embryo, leaving around the embryo a large clear space which stains 
very little; the remainder of the endosperm stains readily (Fig. 43). 

SUMMABY 

1. In Lobelia amoena four microspores develop from a microspore 
mother cell, the cell plates forming after the second maturation division. 

2. In the microspore, a small generative cell is cut off on one side, 
but later it moves into the tube cell where its cell membrane and then 
its cytoplasm disappear. 

3. The tube nucleus disintegrates before the pollen tube begins to 
develop. 

4. The generative nucleus divides in the tube to form the two male 
nuclei. 

6. There are numerous anatropous ovules in each ovary. 

6. A single hypodennal archesporial cell functions as the megaspore 
mother cell, usually producing four (sometimes three) megaspores, the 
chalazal one of which is functional. 

7. The development of the embryo sac follows the monosporic 8- 
nucleate normal-type. 

8. The antipodals begin disappearing by the time the sac is mature. 

9. The mature synergids break through the micropylar end of the sac. 

10. The single layer of nucellus breaks down following the first divi- 
sion of the functional megaspore. 

11. The inner layer of cells of the massive integument develops into 
a conspicuous 'tapetum' which is present from the megaspore stage 
until the endosperm develops. 

12. The polar nuclei fuse either before or during fertilization. 

13. Double fertilization occurs. 

14. Endosperm development is cellular; two cells from each end of 
the eight-celled endosperm develop into the large micropylar and 
chalazal haustoria. 

15. The first division of the embryo cuts off a primary embryonal 
cell and a primary suspensor cell, ,the latter developing into an 8-12- 
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celled suspensor, the upper cell of which is embedded in the micropylar 
haustorium and functions as an embryonal haiistorium. 

16. The embryonal cell divides transversely, the proximal daughter 
cell dividing by two transverse walls forming four tiers of cells in the 
embryo which can be traced in the development to the mature embryo. 

17. The octant stage is formed by two longitudinal divisions in both 
the distal and subdistal cells of the proembryo. 

18. The first divisions in the four distal cells of the octant are anti- 
clinal and separate the future cotyledons from the future plumule. 

19. The first divisions in the four cells next to the distal tier of the 
octant stage cut off the dermatogen of that region, and the second 
divisions separate the future plerome from the future periblem. 

20. All the derivatives from the primary embryonal cell develop 
into parts of the embryo; all the derivatives from the primary suspensor 
cell become part of the suspensor. 

21. The seed coat consists of a single layer of cells whose lateral walls 
have become thickened. 

22. Most of the mature seed is made up of endosperm, including the 
two large haustoria. The mature embryo is small. 
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EXPLANATION OF THE PLATES 

The figures are arranged so that the micropylar end of the ovule is turned 
towards the bottom of the page. 


Plate 10 

Fig^ 1. Cross section of a young anther showing four layers of wall cells surround- 
ing a mass of microsporc mother cells. X 780. 

Fig. 2. Microspore mother cell in early prophase of first maturation division. 
X 780, 

Fig. 3. Microspore dyad, just after first maturation division. X 780. 

Fig. 4. Three of the four microspore nuclei just after the second maturation 
division. X 780. 

Fig. 5. Wall formation between the microspores after the second maturation 
division. X 780. 

Fig. 6. Young microspore, freed from mother cell, showing a thin band of cyto- 
plasm surrounding a large central vacuole. X 780. 

Fig. 7. Slightly older microspore with a number of small vacuoles instead of the 
one large vacuole. X 780. 

Fig. 8. Microspore with generative and tube cells. X 975. 

Fig. 9. Generative cell surrounded by cytoplasm of tube cell. Part of the coim 
tents of the generative cell do not stain. The tube nucleus is beginning 
to disintegrate, i.e. the nuclear membrane is breaking down. X 780. 

Fig. 10. Mature pollen grain showing three pores in the exine. The generative 
nucleus is surrounded by* a small mass of deeply staining cytoplasm. 
There are three small bodies in the cell which appear as the tube nucleus 
disappears. X 780. 
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Pig. 11. Microspore with young pollen tube, oblong generative nucleus. X 780. 

Fig. 12. More mature pollen tube showing generative nucleus in the tube. X 780. 

Fig. 13. Portion of mature pollen tube showing two male nuclei. X 780. 

Fig. 14. Longitudinal section of a yoimg ovule showing a single hypodermal 
archesporial cell, a single layer of nucellus, the beginning of a single 
integument, and a funiculus. X 780. 

Fig. 13. Longitudinal section through an older ovule, showing matip^ megaspore 
mother cell surrounded by nucellus and integument. X 780. 

Fig. 16. Longitudinal section through nucellus, showing dyad formed during 
first maturation division of megaspore mother cell. X 780. 

Fig. 17. Longitudinal section through nucellus and portion of surrounding 
integument showing four linear megaspores and the beginning of a 
^tapetum.’ X 780. 


Plate 11 

Fig. 18. Similar to Fig. 17, showing chalazal megaspore developing at the expense 
of the other three. X 780. 

Fig. 19. Similar to Fig. 17. In this case the nuclear division of the micropylar 
cell of the dyad was not followed by cytoplasmic division. There are 
only two megaspores to disintegrate. X 780. 

Fig. 20. Older stage, same plane, showing three collapsed micropylar megaspores, 
and one large chalazal megaspore with a vacuole at each end. X 780. 

Fig. 21. Longitudinal section through megaspores showing the second and fourth 
megaspores, counting from the micropylar end, developing into embryo 
sacs while the first and third are disintegrating. X 780. 

Fig. 22. Longitudinal section through ovule showing two-nucleate embryo sac 
already broken through thfe nucellus at the micropylar end, showing a 
vacuole in the center of the sac, a large integument, and a well developed 
^tapetum’ surrounding the nutritive tissue at the chalazal end of the 
ovule. X 388. 

Fig. 23. Two-nucleate embryo sac similar to one in figure 22. X 780. 

Fig. 24. Longitudinal section of four-nucleate embryo sac. A small vacuole has 
appeared at the chalazal end of the sac. X 780. 

Fig. 25. Longitudinal section of eight-nucleate sac, with small vacuole at each 
end of the sac. X 780. 

Fig. 26. Longitudinal section of an older ovule showing a well developed integu- 
ment and Hapetum,’ the old nucellus, three well developed antipodal 
cells, two polar nuclei, one synergid, and an egg cell. The other synergid 
was cut off in the adjacent section. X 337. 

Fig. 27. Two polar nuclei touching. X 780. 

Fig. 28. Two polar nuclei in the process of fusion; the nucleoplasm has fused, but 
the nucleoli have not. X 780. 

Fig. 29. Mature embryo sac ready for fertilization, showing two synergids, egg 
cell, fusion nucleus, and three disintegrating antipodal cells. X 780. 

Fig. 30. Cross section of synergids above their nuclei. X 780. 

Fig. 31. Triple fusion of two polar nuclei and male nucleus. X 780, 

Fig. 32. Egg nucleus and male nucleus uniting; the male nucleus is smaller and 
stains lighter. X 780. 
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Fig. 88| 24. Male nuoleui uniting with fusion nucleus. The nucleoli may remain 
distinct for some time ^ter the nucleoplasm fuses. X 780. 

Fig. $5. liOngitudinal section through the embryo sac just after fertilisation! 
showing the first division of the endosperm nucleus; the egg cell! the 
nucleus of which contains the nucleoli of the egg and male nucleus, the 
nucleoplasm already fused; the pollen tube, which has destroyed one 
of the synergids; and the other synergid still in a normal condition. 
X780. 

Fig. 36. Longitudinal section through an older ovule, showing Hapetum'; four 
cells in the endosperm, the two micropylar cells pushing up around and 
beyond the sygote, which has elongated but not divided; the nucleoli 
still distinct in the zygote nucleus. X 337. 

Fig. 37. Section showing transverse division of cells in the four-celled endosperm. 
X337. 

Fig. 88. Similar to fig. 36, slightly older, showing micropylar haustorium forming 
from two micropylar cells of the endosperm, embryonal haustorium 
within the micropylar endosperm haustorium, the embryonal haustorium 
at this stage being merely the micropylar end of the much elongated 
sygote; and a chalasal haustorium developing from two chalazal cells of 
the endosperm at the expense of the nutritive tissue in the chalasal end 
of the ovule. X 172. 

Fig. 39, 40. Longitudinal sections of older ovules showing the elongation of the 
ovule accompanied by the multiplication of the cells of the endosperm 
and the stretching of the cells of the integument; the enlarging haustoria; 
and the developing embryo. X 172. 

Plats 13 

Fig. 41. Cross section of chalasal haustorium. X 172. 

Fig. 42. Cross section of micropylar haustorium. X 172. 

Fig. 43. Longitudinal section of mature seed, showing seed coat made up of 
scarcely more than a single layer of cells; the massive endosperm still 
attached to the two haustoria; the embryo with suspensor collapsing. 
The embryo has used the food material in the endosperm cells all around 
it. X78. 

Fig. 44-56. Longitudinal sections of embryos. For explanations see the text. 
Figure 56 is a section of a mature embryo. X 337. 















FBEBHWATEE ALGAE OF NORTH AND SOUTH CAROLINA. 
PART L CYANOPHYCEAE* 

By Paul J. Philsok 
Platxb 14-17 

No systematic study the blue-green algae North and South 
Carolina has ever been attempted. Ravenel in 1869 and 1877, WoUe 
in 1887, and Green in 1897 have made known the only identiSoations 
from these states. The Usts submitted by these men are much too 
meager to g^ve any idea of the relative abundance of the species of this 
class. Ravenel has identified 14 species from South Carolina, WoUe 2 
species, and Green 3 species. Ravenel and Green have pubpshed 1 
species each from North Carolina. These 21 species ccmstitute the 
recorded blue-green flora of this region up to the present time. Unfor- 
tunately the writer has had no opportunity to examine the specimens 
of the above collectors. 

It is interesting to note that no species of the families Chroococcaceae, 
Chamaesiphonaceae, or Rivulariaceae has ever been recorded. 

Systematic work on the blue-green algae was begun in North Cartfiina 
in the fall of 1930. The boundaries were later extended to include 
South Carolina as well. Samples of blue^een algae were collected 
from time to time from these states until the spring of 1934. The sub- 
mitted list of species is far from being complete, but it probably con- 
tains at least the more common forms. 

The writer wishes to express his thanks to Miss Josephine E. Tilden, 
former Professor of Botany at the University of Mhmesota, under 
whose able guidance this work was accomplished, and to Prelesaor £. 
L. Green, of the Ancient Language Department at tiie University of 
South Carolina, for having supplied the Latin descriptions for new 
species. 

MBTHOD 

The method of collecting and preserving CyaiM^yceae for future 
identification is simplified oonriderably because of the hardineiA of these 

* A doetoral thesis submitted to the (kaduete Paeulty of the Univermty of 
Minnesota. 
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plants and because they do not plasmolise readily. A 5% solution of 
formaldehyde proved to be the best fixing and preserving agent. In 
this solution, the plants keep for an indefinite period of time. 

Upon being collected in the field, the material was placed in smaU 
vials containing the fixing solution. Those intended for immediate 
study were brought into the laboratory in water. 

For identification purposes, the material is best studied from semi- 
permanent mounts, preferably glycerine mounts. Glycerine not only 
holds the plants in a stationary position, but also causes the trichomes 
to become more transparent. To make these mounts a small sample 
of the material is taken from the formaldehyde solution and thoroughly 
washed in water. It is then transferred to a 10% glycerine solution 
and exposed to the air to permit evaporation. When the glycerine has 
become suflSciently concentrated, the plant mass is gently teased apart 
and portions are transferred onto a slide in a drop of pure glycerine. 
A cover glass is added and the material is ready for study. The mount 
is less likely to be destroyed if sealed with balsam, or some similar 
substance. 

With unicellular forms, the washing process may be omitted as many 
plants are likely to be lost. The small amount of formalin remaining 
in the glycerine does not noticeably affect the plants. 

The accompanying drawings, all of which are original, were made by 
the method employed in the phycological laboratories of the University 
of Minnesota (see Tilden in bibliography). 

CLASSIFICATION 

The system of classification here adopted is essentially that which 
has been in general use since the latter part of the nineteenth century. 
Minor differences will be observed, however. 

Order I. COCCOGONALES. Plants uniceUular, single or associated 
in colonies which are usually embedded in a mucous integument, never 
filamentous; reproduction usually by simple division of the parent cell 
into two daughter cells, more rarely by the formation of ^‘endogonidia.’’ 

Family 1. CHROOCOCCACEAE. Plants unattached, showing no 
differentiation between base and apex; reproduction by 
division in one, two, or three planes. 

Family 2. CHAMAESIPHONACEAE. Plants attached, showing 
a decided differentiation between base and apex; repro- 
duction by^the formation of '^endogonidia.'' 
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Order II* HORMOGONALES. Plants multicellular and filamentous; 
filaments branched or unbranched, consisting, usually, of one or more 
rows of cells surrounded by a sheath; reproduction by means of hor- 
mogones or hypnogonidia. 

Family 3. OSCILLATORIACEAE. Plants simple or branched; 

sheaths variable, invisible or distinct; trichomes simple, 
consisting of a single row of vegetative cells having a 
constant diameter except at the apex; heterocysts absent; 
reproduction by the formation of hormogones. 

Family 4. PLECTONEMATACEAE. Filaments in free-floating 
caespitose masses or densely interwoven to form felts or 
mats; sheaths firm, rather thin, sometimes lamellose, 
hyaline or rarely yellow-brown; false branches frequent, 
usually in pairs; trichomes fitting closely within the 
sheaths, often slightly constricted between the cells; heter- 
ocysts absent; reproduction by hormogones. 

Family 5. NOSTOCACEAE. Individual sheaths mostly indis- 
tinct, confluent; trichomes usually much twisted and con- 
torted, consisting of vegetative cells, heterocysts, and 
often hypnogonidia; reproduction by the formation of 
hormogones and hypnogonidia. 

Family 6. SCYTONEMATACEAE. Filaments exhibiting false 
branching; sheaths firm, homogeneous or variously lay- 
ered; trichomes consisting of a single row of vegetative 
cells and heterocysts; reproduction by the formation of 
hormogones, rarely by hypnogonidia. 

Family 7. STIGONEMATACEAE. Filaments exhibiting true 
branching; sheaths mostly wide, sometimes very irregu- 
lar; trichomes consisting of one to several rows of cells; 
heterocysts usually scarce and poorly developed; repro- 
duction by the formation of hormogones, hormocysts, 
and hypnogonidia. 

Family 8. RIVULARIACEAE. Filaments exhibiting false branch- 
ing; sheaths usually firm and distinct, occasionally indis- 
tinct; trichomes tapering from base to apex, usually 
ending in a long multicellular hair; heterocysts mostly 
basal; reproduction by the formation of hormogones and 
hypnogonidia. 
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Order CXXXXXIONALES Atkinson, 1906 

Unicellular plants, single or in colonies, rarely arranged in filaments; 
vegetative reproduction by division in single cells. 

Family CHROOCOCCACEAE Naegeli, 1849 

Reproduction entirely by cell division (fission) in one, two, or three 
planes at right angles to one another; plants showing no distinction 
between basal and apical regions. 

a. Plants solitary or associated in small, individual families or colonies, not 
surrounded by a common gelatinous tegument Chroococcus 

aa. Plants associated in families or colonies, surrounded by a common 
gelatinous tegument. 

b. Cells aggregated to form gelatinous colonies of no definite shape, 

c. Individual sheaths distinct, thick, vesicle-like Gloeocapaa 
cc. Individual sheaths not distinct. 

d. Cells spherical; cell divisions in all directions Aphanocapsa 
dd Cells oblong to cylindrical; cell division in one direction 

Aphanothece 

bb. Cells aggregated to form gelatinous colonies of a definite, char- 
acteristic shape. 

c. Cells pear-shaped or heart-shaped, terminating mucous stalks 
radiating from the center of the colony Gomphoaphaeria 

cc. Cells spherical, mucous stalks absent Microcystta 

CHROOCOCCUS Naegeli, 1849 

Plants spherical or hemispherical after division, with homogeneous 
or lamellated individual sheaths, solitary or in very small colonies; 
colonies free-floating or forming a stratum in damp places. 

Chroococcus turgidus (Kuetz.) Naeg. Gattungen einzelliger algen, p. 

46. 1849, (Protococcus turgidus Kuetz. Tab. phycol. 1: 6, tab. 6. 

1846.) Fig, lid. 

The colonies were nearly spherical in shape, and were composed of 
from two to four cells. They measured 18.6 to 65 mic. in diameter. 
The sheaths were wide, lamellose, and a few were yellow in color. Cell 
diametm varied from 12.3 to 27, rarely 38 mic. 

Boiiow Rock, Durham County, N. C. ; Alligator Lake, near Myrtle 
Beach, Horry County, S. C. 

GLOEOCAPSA Kuetzing, 1843 

Plant mass forming more or less expanded gelatinous crusts or strata 
on wet or dripping rocks or in damp places; plants spherical, each con- 
sisting of a cell inclosed in a vesicle-like, strongly thickened, homoge- 
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neous or stratified, colorless or colored mucilage sheath, associated in 
groups of from 2 to 32, equally distributed throughout the colony but 
always some distance from one another. 

a. Sheaths thick, colorless; plants 7 to 11 mic. in diameter; cells 3 to 6 mic. 

in diameter 0. congUmeraUt 

aa. Sheaths indistinct, yellowish or brownish; plants 12 mic. in diameter; 
cells 3 to 4.6 mic. in diameter 0. eparta 

Gloeocapsa conglomerata Kuetz. Tab. phycol. 1: 16, pi. 20. 1845- 
1849. Fig. 8. 

Several colonies studied varied from 20 to 44 mic. in diameter. The 
plants were from 6 to 10 mic. in diameter, with very wide sheaths. At 
times, many cells were aggregated within a single sheath. Cells meas- 
ured from 3.4 to 4.9 mic. 

Associated with other algae on damp ground in the greenhouse of 
Duke University, Durham, N. C. 

Gloeocapsa t^arsa Wood. Proc. Amer. Phil. Soc. 11: 123. (1869) 
1871. 

Colonies were somewhat globose with wide, lamellose and yellowish 
sheaths. The cells measured 3 to 4.8 mic., and possessed finely granular 
contents. 

Hollow Rock, Durham County, N. C. Growing on wet dripping 
rocks with species of Stigonema and Scytonema. 

APHANOCAPSA Naegeli, 1849 

Plants forming colonies of no definite shape; individual sheaths hot 
distinct, confiuent with the colonial envelope; cells spherical. 

Aphanocapsa grevillei (Hassall) Rabenh. Flora europaea algarum 2: 
50. 1865. (CoccocMoris grevillei Hassall. A history of the British 
freshwater algae, p. 318, pi. 78, fig. 7, a-b, and 8. 1845.) Fig. 4- 
Colonies of this species were numerous in a mass of algae which 
covered the bottom of a lake to a depth of from 6 to 12 inches. The 
globose plant masses measured about 49 mic. in diameter, while the 
cells measured 3.2 to 5.8 mic. 

Hollow Rock, Durham County, N. C.; Alligator Lake, near M3rrtle 
Beach, Horry County, S. C. 
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APHANOTHECE Naegeli, 1849 

Plants oblong to cylindrical, distributed throughout the colony in a 
solid mass; individual sheaths not distinct, confluent with the colonial 
Mivelope; colonies somewhat globose or without definite shape, some- 
times endophytic. 

a. Plant mass oolorlese A. microacopica 

aa. Plant mass colored. 

b. Plant mass dirty-green or yellowish-brown; cells 2.5-3 x 4.6-5.6 mic., 

thickly aggregated within the colony A. conferta 

bb. Plant mass pale blue-green; cells 3-8 x 4.5-24 mic., usually scattered 

A. pallida 

Aphanothece microscopica Naeg. Gattungen einzelliger algen, p. 59, 
pL 1, H, fig. 1. 1849. Fig. 1. 

The colonies were somewhat young since all were globose to oval in 
shape. They measured about 40 mic. in diameter. The cells were 
3.8~4.4 X 3.8-8.2 mic., and were nearly spherical immediately after 
division. 

Alligator Lake, Horry County, S. C. The very abundant colonies 
were floating in a mass of mostly unicellular algae that covered the 
bottom of the lake to a depth of from six to twelve inches. 

Aphanothece conferta Richter. In Hauck and Richter, Phykotheka 
Universalis, no. 487. 1892. 

The cells, which were thickly grouped together in a colorless expanded 
mass, measured 1. 2-2.9 x 3-6.4 mic., a little smaller than the type for 
this species. 

Durham, Durham County, N, C. Forming olive-green, expanded, 
gelatinous masses on the concrete wall of the aeration pool in refrig- 
erating plant of the Duke University Hospital. 

Aphanothece pallida (Kuetz.) Rabenh. FI. eur. algarum 2: 64. 
1865. (Palmella pallida Kuetz. Phycol. germanica, p. 149. 1845.) 
Fig. 11. 

Several Aphanothece-^^ke cells were scattered in the gelatinous matrix 
of other algae. They measured 4.6~6.1 x 4.8-8.2 mic. The cells were 
too few to allow positive identification. 

Durham, Durham County, N. C. Growing in a gelatinous plant 
mass in a wet corner of the Duke University greenhouse. 
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QOMPHOSPHAERIA Kuetzing, 1836 

Plants forming solid, free-floating, spherical or ellipsoid colonies, the 
cells generally lying some distance from one another and forming a 
layer one cell in thickness toward the periphery of the colonial envelope, 
joined at base to branched mucilage stalks, which are formed from the 
remnants of the parent cell membranes; colonies embedded in a copious, 
hyaline, homogeneous, gelatinous envelope; individual sheaths distinct 
or confluent with the colonial envelope; cells wedge-shaped, pear-shaped, 
or heart-shaped. 

Gomphosphaeria aponina Kuetz. var. delicatula Virieux. Rech. lac Jura. 

Ann. biol. lac. 8 : 1916. Fig. 10. 

These colonies varied from 30 to 86 mic. in diameter and were pro- 
vided with glistening, homogeneous, hyaline, sometimes yellowish tegu- 
ments. The cells measured 3-5 x 6.5~8.9 mic. While a few of the cell 
measurements seem to coincide with those of the typical species, the 
greater number falls within the limits of the variety. 

Alligator Lake, Horry County, S. C. Numerous colonies were scat- 
tered throughout an expanded mass of algae that covered the bottom 
of the lake to a considerable depth. 

MICROCYSTIS Kuetzing, 1833 

Plants forming solid, free-floating, globose, elongated, or clathrate 
colonies; individual sheaths confluent with the colonial envelope; cells 
spherical. 


a. Cells without pseudovacuoles, 2-3 mic. in diameter M. pulverea 

aa. Cells with pseudovacuoles, 3-7 mic. in diameter M. aeruginosa 


Microcystis pulverea (Wood) Forti. In De Toni, J. B. Sylloge al- 
garum 6: 92. 1907. {Pleurococcus puherem Wood. Smith. Contrib. 
to Knowledge 19 (No, 241): 79. 1872.) 

The pulverulent colonies were spherical or oval in shape and the 
hyaline teguments were observed only occasionally. The cells, whose 
contents were homogeneous, measured 1.8 to 3.2 mic. in diameter, 
with a few whose diameters coincided with those of variety incerta 
(Lemm.) Crow. 

Alligator Lake, Horry County, S. C. In a mass of algae covering 
the bottom of the lake to a depth of from six to twelve inches; the 
whitish blue-green colonies not very abundant. 
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MkroqrstiB aertigiiiow Kuetc. Tab. phycol. 1: 6 , tab. 8. 1845. 

Fig. S, 

Globose and dathrate colonies, which were microscopic in size, were 
found among filaments of Oedogonium sp. The spherical cells meas- 
ured 3-6.5 mic. in diameter and contained numerous pseudovacuoles. 

Durham, Durham County, N. C. In a small temporary stream in 
Duke Forest, near Duke Univeraty. 

Family CHAMAESIPHONACEAE Geitler, 1926 

Plants erect, cylindrical, epiphytic; reproduction by gonidia formed 
at the apex of the cell by abstriction; plants showing a differentiation 
between base and apex. 

CHAMAE8IPHON A. Braun and Grunow, 1865 

Plants epiphytic, imicellular, solitary or aggregated in dense clusters, 
ovoid, pyriform, cylindrical or much elongated, attached at base, often 
widening upward to free apex; sheath thin, ruptured at apex; reproduc- 
tion by gonidia which are abstricted successively from the upper por- 
tion of the protoplast. 

ChamMS^on incrustans Grunow. In Rabenhorst, FI. eur. algarum 

2:149. 1865. Fig. 7. 

The plants, abundant on a few filaments of Oedogonium sp., were 
4-6.3 X 5-24 mic. in size. The cell contents were pale blue-green and 
homogeneous. 

Durham, Durham County, N. C. Attached to filaments of Oedo- 
gonium sp. from a brook in the Duke Forest. 

Order HORMOGONALES Atkinson, 1905 

Multicellular plants, either single or in colonies, distinctly filamentous; 
vegetative reproduction by groups of cells, numbering two to many, 
termed hormogones. 

Fanuly OSCILLATORIACEAE Harvey, 1868 

Filaments simple or branched, containing one or more trichomes; 
sheaths variable, more or less gelatinous; trichomes consisting of a 
simple row of eells uniform along their entire length, except for the 
apical cells which sometimes taper more or less; reproduction by means 
of hormogones. 



19S9] Freshwateb Algae op North and South Carolina 91 


Sheaths not or scarcely visible Oacillatoria 

aa. Sheaths evident , very thin in some species. 

b. Sheaths open at the extremities, containing only a single trichome. 
c. Filaments partially agglutinated; sheaths thin, more or less 

confluent Phormtdium 

cc. Filaments free; sheaths thick, firm, cylindrical Lynfjoya 

bb. Sheaths usually closed at the extremities; containing two to many 
trichomes. 

c. Prostrate sheaths mucous, homogeneous, colorless. . .Microcoleua 
cc. Sheaths firm, more or less lamellose, hyaline or colored 

Schizothrix 


OSCILLATORIA Vaucher, 1803 

Trichomes simple, free, often forming dense tangled masses, cylin- 
drical, smooth or constricted at joints, not moniliform, straight or bent, 
not spirally twisted; apices straight, bent, or hooked, more or less 
tapering; apical cell simple, calyptrate (provided with a thickened mem- 
brane), or capitate (exhibiting a ‘‘head^O* 

a. Cells 2-10 mic. in diameter, longer than } their diameter. 

b. Cells 4-10 mic. in size, constricted at joints; apical cell not capitate 

0. tenuis 

bb. Cells 2-3 mic. in size, not constricted at joints; apical cell capitate 

0. eplendida 

aa. Cells 11-60 mic. in diameter, very short, not longer than } their diameter, 
b. Cells 11-20 mic. in size, not capitate; cross walls granular. .0, limoea 
bb. Cells 16-^ mic. in size, somewhat capitate; cross walls not granular 

0. princepB 

Oscillatoria tenuis Agardh. Algarum decades 2: 25. 1813. Fig. 8. 

The trichomes, in the material studied, varied in diameter from 6.1 
to 7.3 mic. The cells measured from 2.9 to 4.1 mic. in length, with the 
transverse walls distinctly granular. 

Durham, Durham County, N. C. 

Oscillatoria splendida Greville. Flora Edinensis, p. 304. 1824. 

The gradually tapering trichomes and the apically inflated cell are 
characteristic of the species. 

Hollow Rock, Durham County, N. C. Intermixed with Lyngbya 
martensiana Meneghini from a small stream. 

Oscillatoria limosa (A. G. Roth) Agardh. Dispositio algarum sueciae, 
p. 35. 1812. (Conferva limosa Roth. Catalecta botanica 3: 197. 
1797-1806.) 
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The tricbomes were 12.3 to 14.3 mic. in diameter. Cell len^hs 
varied from 1.7 to 3.5 mic. All transverse walls were granulated. 

Old Fort, McDowell County, N. C. The plants were intermixed 
with Anabaena laxa (Rabenhorst) A. Braun, together forming a thhii 
blue-green coating on the bottom of Mill Creek four inches below the 
surface. 

Oscillatoria princeps J. P. Vaucher. Histoire des Conferves d^eau 
douce, p. 190, pi. 15, fig. 2. 1803. 

The floating plant masses were variable in size from two to twelve 
square inches, and were of a bright blue-green color. All of the measure- 
ments were within the limits 41-43 x 4. 1-6.1 mic. No cells were con- 
stricted at the joints. 

liake Junaluska, Haywood County, N. C. The plants were matted 
together in large masses which floated during the hot part of the day, 
sinking to the bottom of the lake at night. 

PHORMIDIUM Kuetzing, 1843 

Filaments simple, agglutinated, forming a woolly or felt-like layer or 
rarely floating, attached at the base, with free ends torn and ragged; 
sheaths thin, transparent, mucous, agglutinated, partly or entirely 
diffluent; trichomes cylindrical, in some cases constricted at joints; 
apex of trichome often tapering, straight or curved, capitate in some 
species; apical cell sometimes calyptrate, or capitate. 

a. Apex of trichome straight or curved, capitate. 

b. Apex of trichome straight P. favosum 

bb. Apex of trichome curved P. autumnale 

aa. Apex of trichome always straight, not capitate, 
b. Trichomes tapering toward the apices. 

c. Cells 3-4.6 x 3.4-8 mic.; apical cell obtuse-conical. . P. corium 

cc. Cells 7.6-10.6 x 4-8 mic.; apical cell truncate P. crouani 

bb. Trichomes not tapering toward the apices. 

c. Trichomes moniliform; cells 0.6-0.8 x 1. 2-6.4 mic. 

P. angustissimum 

cc. Trichomes not moniliform; cells 4.6-12 x 4-9 mic P. rUzii 

Phormidium favosum (Bory) Gomont. Monog. des Oscillarides, etc., 
p. 200, pi. 5, fig. 14-15. 1893. {OadUaria favosa Bory. Diet, 

classique hist. nat. 12: 466, pi. 12. 1827.) 

The gradually tapering, straight, capitate apex of the trichome is 
characteristic for the species. In the plants studied, the diameter of 
the cells was 4.5 mic., the minimum for this species. 
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Durham, Durham County, N. C. Forming a thin coating on wet 
rocks, west campus of Duke University. 

Phormidium autunmale (Agardh) Gomont. Monog. des Oscillari^es, 
etc., p. 207, pi. 5, fig. 23-24. 1893. (Oscillatoria autumnale Agardh. 
Dispositio algarum sueciae, p. 36. 1812.) Fig, 9, 

The deep blue-green mats formed tufts of wide extent, a single tuft 
being composed of many filaments whose sheaths, for the most part, 
had become diffluent. The lengths of the cells were a little less than 
for those of the species, being 3-4.1 mic., but all other characters were 
in agreement with the species. 

Charlotte, Mecklenburg County, N. C. Forming a thin, blue-green 
coating on submerged rocks in a narrow creek near the city limits. 

Phormidium corium (Agardh) Gomont. Monog. des Oscillari^es, etc.^ 
p. 192, pi. 5, fig. 1-2. 1893. (Oscillatoria corium Agardh. Dispo- 
sitio algarum sueciae, p. 36. 1812.) 

The material studied grew in irregular, thin, slimy, light green patches 
on wet clay. The cells measured 4.5-9 mic. in length. No cyanophycin 
granules were present, but the contents of the cells were finely granular. 

Durham, Durham County, N. C. Forming close, felt-like, irregular 
patches on the bottom of a rain pool on the campus of Duke University. 

Phormidium crouani Gomont. Monog. des Oscillari^es, etc., p. 195, 
pi. 5, fig. 5. 1893. Fig. 6. 

The filaments formed widely expanded, mucilaginous, irregular, blue- 
green masses. Cell measurements fell within the limits 7.4-8.3 x 
4. 1-8.2 mic. The contents of the cells were finely granular and the 
transverse walls very distinct. 

Hollow Rock, Durham County, N. C. Growing in patches on water- 
soaked soil. 

Phormidium angustissimum W. and G. S. West. Welwitsch^s African 
freshwater algae. Jour. Bot., Brit, and Foreign 36: 298. 1897. 

Its minute size and the moniliform nature of the trichome are features 
characteristic for the species. 

Forming a thin blue-green coating on the bottom of a small creek 
at Hollow Rock, Durham County, N. C. 

Phormidium retzii (Agardh) Gomont. Monog. des Oscillari^es, etc., 
p. 195, pi. 5, fig. 6-9. 1893. (Oscillatoria retzii Agardh. Dispo- 
sitio algarum sueciae, p. 36. 1812.) Fig. 6. 
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The plants grew in irregular, dull green, coarse masses. Most of the 
sheaths were diffluent. The trichomes, which were steel blue-green in 
color, were long and straight, the apical cell lacking a cal 3 rptra. The 
cells measured 5.3-6. 1 x 4.5-9 mic. Their contents were finely granular. 

Durham, Durham County, N. C. Growing intermixed with Vau- 
cheria sp. two inches above the water level on the wet bank of a small 
stream. 


LYNGBYA C. A. Agardh, 1824 

. Filaments free or aggregated into dense, floccose, caespitose masses, 
simple, or very rarely branched in some species, attached or free- 
floating; sheaths firm, of varying thickness, thin and homogeneous or 
thick and lamellated, colorless or rarely yellowish-brown; trichomes 
not constricted at the dissepiments, tapering at the apex only slightly 
or not at all; wall of apical cell sometimes thickened, forming a calyptra. 

B. Cells 4-6 mic. in diameter L. aerugineo-eaeruUa 

aa. Cells 6-28 mic. in diameter. 

b. Cells 6-10 X 1.7-3.3 mic.; apical cell not capitate; sheaths colorless 

L. marteruiana 

bb. Cells 8-28 x 2.7-6.6 mic.; apical cell capitate; sheaths becoming 
yellowish or brownish L. oestuant 

Lyngbya aerugineo-caerulea (Kuetz.) Gomont. Monog. des Oscil- 
lari4es, etc., p. 166, pi. 4, fig. 1-3. 1893. {Oscillaria aerugineo- 
caeruka Kuetz. Phycol. generalis, p. 186. 1843.) 

Most of the plant masses were dark blue-green and slimy to the 
touch. The sheaths were colorless and somewhat firm, and the cells, 
with granular contents, were blue-green in color. The latter measured 
3.9-5.9 X 2.1-3.6 (rarely 5.4) mic. 

Durham, Durham County, N. C. Forming slimy masses about one 
square inch in area on the bottom of a small stream. 

Lyngbya martensiana Meneghini. Conspectus algologiae euganeae, p. 
12. 1837. Fig. 22. 

The plant mass was decidedly blue-green in color and composed of 
many filaments with thick and distinct sheaths, closely matted together. 
The cell measurements were 8. 1-9.5 x 1.6-2.26 mic. In a few plants a 
thin caljrptra was observed. Cross walls were marked by cyanophycin 
granules. 

Durham, Durham County, N. C. 
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Lyngbya aestuarii (Mertens) liebman. Bemerkninger og tillag til den 
danske Algeflora. Kr5yers Tidskrift, p. 492. 1841. {Conferva aee- 
tuarii Mertens. Jiirg. alg. aquat. II, no. 8. 1816.) Fig, £7, 

Two separate collections of this species were made, one in which the 
size of the trichomes fell just below the minimum size for the species, 
the other in which they were just under the maximum size. In the 
former, the plant mass was composed of comparatively few filaments, 
loosely arranged. The trichomes were provided with slightly tapering 
and capitate apices, with transverse walls marked by two rows of 
granules. In this collection, the cells measured 6.8-^.6 x 2-3.7 mic. 

The plant mass in the second collection was of a much brighter blue- 
green color, and the filaments more compactly arranged. Here, too, 
the trichomes tapered at the ends and were capitate. Also the trans- 
verse walls were marked by two rows of granules. The cells measured 
18.4-18.9 X 2.2-4. 1 mic. . 

Hollow Rock, Durham County, N. C. Plants of both collections 
forming blue-green masses on moist earth near the water-level of a 
small creek. 


MICROCOLEUS Desmazidres, 1823 

Plants living on soil, in fresh water or sometimes in salt water; fila- 
ments simple or vaguely branched, creeping on the ground, sometimes 
growing among other algae; sheaths colorless, more or less regularly 
cylindrical, not lamellose, in many species finally diffluent; trichomes 
many within the sheath in well developed filaments, closely crowded, 
often twisted into rope-like bundles; apex of trichome straight, tapering; 
apical cell acute, rarely obtuse conical, in one species capitate. 

Microcoleus vaginatus (Vaucher) Gomont. Jour, de Bot. (Morot) 4: 

353. 1890; Monog. des Oscillari6es, etc., p. 93, pi. 14, fig. 12. 1893. 

{Oscillatoria vaginata Vaucher. Histoire des Conferves.d^eau douce, 

p. 200, pi. 16, fig. 13. 1803.) Fig, IS, 

The plant mass was deep dark green in color. It was estimated that 
within a single filament there were about 80 trichomes. These had 
very distinct transverse walls, a few were capitate, and all were tapering 
at the apices. The cells varied in length from 3.1 to 4.1 mic. and dis- 
played finely granular contents. 

Durham, Durham County, N. C. Forming dark-colored irregular 
masses on wet soil in the greenhouse of Duke University, 
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SCHIZOTHRIX Kuetnng, 1843 

Plants living on moist earth, dripping rocks, or in inundated places; 
filaments prostrate, caespitose, or forming erect or prostrate Symplocor 
like fascicles or a pannose stratum, frequently branched; sheaths thin 
or thick, colorless or variously colored, regular or irregular in outline, 
firm or difiiuent, in some species encrusted with calcium carbonate and 
hardened; trichomes straight or spirally twisted, numerous, rarely soli- 
tary within the sheath. 

. a. Filaments agglutinated; trichomes evidently constricted at joints; 

cells 3-6 X 4-11 mic S. frietii 

aa. Filaments not agglutinated; trichomes sometimes constricted at joints; 
cells 3.5 X 3.6-7 mic S. aikenetma 

Schizottiriz friesii (Agardh) Gomont. Monog. des Oscillari6es, etc., 
p. 54, pi. 9, fig. 1-2, 1893. (OsciUaria friesii Agardh. S}mopsi8 
algarum Scand., p. 107. 1817.) Fig. 19. 

The plant mass, which was bright blue-green in color, consisted of a 
basal prostrate portion from which tufts of filaments arose to a height 
of 3 or 4 centimeters. The sheaths were somewhat roughened, con- 
taining sometimes one but usually two to four trichomes which were 
constricted at the joints and often moniliform. All of the sheaths were 
thick and colorless. The cells, with coarsely granular contents, meas- 
ured 3.6-5.3 X 4.1-11.4 mic. 

Hollow Rock, Durham County, N. C. Forming irregular, olive-green 
masses on damp soil and on a moist sandstone cliff. 

Schizothriz aikenensis (Wolle) n. comb. (Hypheothrix aikemnsis 
Wolle. Bull. Torrey Bot. Club 6: 182. 1877.) Fig. U- 
The plant mass was of a dull blue-green color, very compact and thin. 
It consisted of densely matted filaments whose trichomes were some- 
times constricted at the joints but never moniliform. Numerous gran- 
ules were present in the cells. The cells measured 3.6 x 4.3-6. 1 mic. 

The species was originally described by Wolle as Hypheothrix aikenen- 
sis from a collection made at Aiken, S. C., by Ravenel. According to 
more recent systems of classification, the genus Hypheothrix, along 
with the genera Symplocastrum, Chromosiphon, and Inactis, is included 
as a section of the genus Schizothrix. This scheme is followed in the 
present report. 

Durham, Durham County,* N. C. Plant mass living on decaying 
vegetable matter in a stagnant pool on the Duke University campus. 
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Fan^y PLECTONEMATACEAE TUden, 1936 

Filaments in free-floating caespitose masses or densely interwoven 
to form felts or mats; sheaths Ann, rather thin, sometimes lamellose, 
hyaline or rarely yellow-brown; false branches frequent, usually in pairs; 
trichomes fitting closely within the sheaths, often slightly constricted 
between the cells; heterocysts absent; reproduction by hoimogones. 

PLECTONEMA Thuret, 1876 

Plants growing among damp mosses, on wet rocks, or floating free; 
sheaths present; trichomes frequently constricted at the joints, ex- 
hibiting false lateral branching caused by rapid growth in certain por- 
tions, resulting in a rupture of the sheath; branches single ur in pairs; 
apices straight, rarely tapering, without a calyptra. 

Plectonema tenue G. Thuret. Ann. Sci. Nat. Bot., ser. 6, 1: 380. 1876. 

The more or less expanded plant mass was of a yellowish-brown color, 
due to the pigments in the sheaths. A sheath usually enclosed only 
a single trichome, but frequently two trichomes were observed. These 
gradually tapered at the apices. The cells measured 6.2-10.9 x 3.4-7.3 
(rarely 8.1) mic. Terminating each trichome was a conical apical cell. 
The cell contents were either homogeneous or granular, and blue-green 
in color. 

Marietta, Greenville County, S. C. 

Family NOSTOCACEAE Naegeli, 1847 

Colonies floating, single or gregarious, of indefinite, globose, ovoid or 
regularly lobate form or irregularly expanded, solid or hollow, soft or 
firmly gelatinous; sheaths more or less distinct, often not present, mostly 
confluent; trichomes unbranched, never tapering to a hair, the ex- 
tremities usually similar; heterocysts present; reproduction by hormo- 
gones and hypnogonidia. 

a. Heterocysts and hypnogonidia intercalary. 


b. Plant mass of indefinite shape Anabctena 

bb. Plant mass of definite shape Nosioc 


aa. Heterocysts terminal and hypnogonidia contiguous to them 

CylindroBpermum 


ANABAENA Bory, 1822 

Filaments, or trichomes, almost always aquatic, solitary, free-floating, 
or united loosely by the mucous teguments into a mucous stratum, never 



96 JOUXNAL OF THB MlTOHDIX SOCIBTT [/WW 

approaching in oonmatency the tough thallus of Nostoc; sheaths usually 
liking, in some species delicate or copious, gelatinous, hyaline, hmno- 
geneous, rarely confluent with the mucous layer; trichomes cylindriqal 
or slin^tly tapering at the ends and with a conical apical cell, usually 
rigid and fra^e, very rarely contorted, straight, spiral, or circinate, 
solitary or interwoven to form flocculent masses of small size; cells 
spherical to barrel-shaped, rarely cylindrical, never disk-shaped; hetero- 
cysts approximately spherical, alwa3rs intercalary, numerous, solitary; 
reproduction by hormogones and hypnogonidia; hypnogonidia solitary 
or in short catenate series, spherical to cylindrical, generally much 
more elongated than those of Noatoc, either adjacent to the heterocysts 
or developed between them. 

a. Hants living in the tissues of other plants A. ej/eadeae 

aa. Hants not living in the tissues of other plants. 

b. Trichomes circinate; hypnogonidia cylindrical, curved. .A.flot-aquM 
bb. Trichomes strmght at flexuous; hypnogonidia spherical, ovate or 
cylindrical, not curved. 

c. Hypnogonidia spherical, spherical-compressed, or ovoid 

A. parva 

cc. Hypnogonidia cylindrical. 

d. Hypnogonidia usually remote from the heterocysts, or 

contiguous to them on one side A. laxa 

dd. Hypnogonidia always contiguous to and developing on 
both sides of the heterocysts A. torulota 

Anabaena cycadeae J. Reinke. Bot. Zeit. 87:473, pi. 6, fig. 1-5. 1879. 

The habit of growth of this species apparently necessitates the forma- 
tion of trichomes composed of only a few cells. The spherical to barrel- 
shaped cells varied considerably in size, measuring 2.7-6.3 x 2.7-7 .2 
mic. Most of the heterocjrsts were spherical, measuring 5.4-6.3 x 
5.4-6.3 mic. in size. 

Durham, Durham County, North Carolina. Cauamg the formation 
of long, branched nodules on the roots of Zamia fiorida in the green- 
house of Duke University. 

Anabaena floa-aquae (?) (Lyngbye) Brebisson. In Brebisson and 
Codey, Algae des environs de Falaise, p. 36. 1835. {Nostoc floa- 
aquae Lyngbye. Tentamen hydrophytologiae danicae, p. 201, table 
68. 1819.) 

The absence of gonidia in ^ materials studied makes this identifica- 
tion uncCTtain. The presence of pseudovacuoles indicates the plant 
to be a water-bloom species. Because all available measurements agree 
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-mth the corresitonding descriptions for this species, the writer places 
the few scattered plants that were observed in this species. The 
spherical compressed vegetative cells measured 4.5-6.9 mic. in diam- 
eter, and the heterocysts were slightly larger. 

Durham, Durham County, N. C. Intermixed with other algae grow- 
ing in a small creek in the Duke Forest. 

Anabaena parva sp. nov. Fig. £5. 

Plantae massa glutinosa, ezjpaim in solo humido aut libere fluitante, 
caerulei-viridi; vaginis invisibilibus; trichomatibus xnodice rectis, 
constrictis ad articulos; cellis ovatis vel ellipticis in formaj heterooystis 
sphaericis vel ellipticis; gonidiis sphaericis vel ellipticis in forma, 
numerosis in serie catenata, r^otis ab heterocystis, evolutis centrifuge, 
continentibus multa et magna granula cyanophycina; contento cell^ 
paris generis, caerulei-viridi. 

CelBs 2.9-4.1 X 4.1-8.2 mic. 

Heterocystis 4.1-5.3 x 4.6-8.2 mic. 

Qonidiis 4.&-7.4 -x 3.6-8.2 mic. 

Plant mass gelatinous, expanded, spreading on damp soil or free- 
doating, blue-green; sheaths invisible; trichomes moderately straight, 
constricted at the joints; cells oval or elliptical in shape; heterocysts 
spherical or elliptical; gonidia spherical or elliptical in shape, numerous 
in catenate series, remote from the heterocysts, developing centrifugally, 
containing numerous large cyanophycin granules; cell contents homo- 
geneous, blue-green. 

Cells 2.9-4. 1 x 4. 1-8.2 mic. 

Heterocysts 4.1-5.3 x 4.6-8.2 mic. 

Gonidia 4.5-7.4 x 3.6-8.2 mic. 

Anabaena variabiUe Kuetzing is the species most closely indicated by 
the appearance of the plants of this collection. There can be no con- 
fusion, however, after careful study. The plants of this new species 
are much smaller in every respect. 

Myrtle Beach, Horry ^unty, S. C. Forming large, irregular gelati- 
nous masses floating on the surface of Lake Chapin. Collection: — 
S. C. 42. July 4, 1933. 

Anabaena laza (Babenh.) A. Braun. Bull. Soc. Bot. Fr. 32: 120, pi. 4, 

fig. 2-3. 18^. {Sphaerozyga laxa Babenh. FI. eur. algarum 2: 
193. 1866.) Fig.S4. 

The trichomes of this collection were quite straight. Heterocysts, 
which were usually elliptical in shape, measured 4.5-6.3 x 6.1-0 mic. 
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The {^helical or short-cylmdricai cells were 4.1-4.5 x 3.2-4.1 mic. The 
distinguishing feature of this species, and one that separates it from 
Atmbaem inequdUe (Kuets.) Bornet and Flahault, is the colorless f&U 
of the gonidium. The hypnogonidia were cylindrical and measured 

5.4- 6.3x12.6-20.5 mic. 

Old Fort, McDowell County, N. C. Forming a thin, blue-green 
coating on mud in the bottom of a small creek. 

Anabaena tomlosa (Carmichael) Lagerh. Oefversigt af Kengl. Vetensk. 

Akad. Fdrhandl. 40: 47. 1883. (Belonia toruloea Carmichael. In 

Hooker, British Flora 2: 379. 1833.) Fig. SS. 

The vegetative cells that were measured for this determination fell 
witiiin the limits of 3.9-4.8 x 2.6-3.6 mic. and were spherical or barrel- 
shaped. All of the heterocysts were nearly spherical and measured 

5.4- 7.2 mic. in diameter. Adjacent to the heterocysts were long, cy- 
lindrical gonidia, 7.2-9 x 10.8-19.8 mic. They developed centripetally. 

Hollow Rock, Durham County, N. C. Forming gelatinous masses 
near the edge of a small stream. 

NOSTOC Vaucher, 1803 

Colonies solid or hollow, mucous, gelatinous, or coriaceous, composed 
of a more or less firm jelly with a denser limiting layer, usually globose 
or oblong when young, later either remaining so or assuming a variety 
of forms in the various species, frequently breaking open to form ex- 
tensive flattened expansions, often with lacerated margins, terrestrial or 
aquatic, attached to a substratum or free-floating; filaments flexuous, 
densely intertwined and contorted, generally more closely crowded 
toward the exterior; sheaths often not present or inconspicuous, some- 
times distinct in portions of the colony, especially near the periphery, 
colorless or not uncommonly yellow or brown, firm, thick, mucous or 
gelatinous, mostly confluent, the gelatinous colony being made up of 
dissolved individual sheaths; trichomes torulose or moniliform, con- 
sisting of a single row of unifonn cells, imbranched, showing no differ- 
entiation of base and apex; vegetative cells spdierical, barrel-shaped or 
cylindrical; heterocysts larger than, but generally the same shape as, 
the vegetative cells, spherical to oblong, termini^r intercalary, often 
in series; reproduction by means of hormogones and hypnogonidia; 
gonidia spherical to oblong; intercalary, seriate, beginning midway be- 
tween the heteroc 3 rsts and developing centrifugally. 
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a. Colonies mieroaoo{nc. 

b. Filamoite loosely flexuous; sheaths wide, bulbous; trichomes distinct 

N. paludottu 

bb. Filaments densely entangled; sheaths close, transparent; trichomes 

scarcely distinct N. punetiforme 

aa. Colonies not microscopic. 

b. Cells 2.3-3.6 x 10.^19.8 mic., cylindrical; hypnogonidia oval, ellipti- 
cal, or cylindrical, frequently curved 

N. elliptosporum var. minimum 
bb. Cells 3-4 x 7-8.6 mic., barrel-shaped or cylindrical; hypnogonidia 
oblong, never curved N. mtueorum 

Nostoc paladosum Kuetz. Tab. phycol. 2: 1, pi. 1, fig. 2. 1850. 

The colonies, somewhat microscopic, are larger than those of Nostoc 
punetiforme (Kuetzing) Harlot. The trichomes were provided with 
very evident inflated sheaths. Measurements of the cells fell within 
the limits of 3.2-3.6 x 3.2-5.6 mic. The spherical-shaped heterocysts 
measured 4.2 mic. in diameter. Gonidia were not observed. Granules 
were abundant within the ceils. 

Hollow Rock, Durham County, N. C. Embedded in a gelatinous 
mass formed by other algae. On the wet bank of a small stream. 

Nostoc punetiforme (Kuetz.) Harlot. Jour, de Bot. (Morot) 5: 30. 
1891. (Polycoccue punetiforme Kuetz. Phycol. generalis, p. 171. 
1843.) Fig. 2S. 

The colonies, always microscopic in size, were spherical or somewhat 
flattened in shape, and contained, usually, only a few much twisted 
and contorted trichomes. In form, the ceils were quite variable, being, 
usually spherical or spherical-compressed. They measured 3.2-4 x 
3.2-4 mic. The heterocysts were few in number, and small. No go- 
nidia were observed. 

Hollow Rock, near Durham, Durham County, North Carolina. 
Forming, with other unicellular species of blue-green algae, a thin coat- 
ing on submerged rock in a nearby stream. ' 

Nostoc ell4>so8porum (Desmaz.) Rabenh. var. mfaimtini var. nov. 
Fig. 21. 

The plants under consideration differ from Nostoc eMpsosporum 
(Desmaz.) Rabenhorst only in the size of the vegetative cells, which are 
much smaller and longer than in the species. In the species the cdls 
measure 4 x 6-14 mic., while in this new variety they measure 2.4-3.6 
X 10.8-24 mic. The heterocysts and gonidia conform to those of the 
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variety both in riae and shape, with the exception that the former 
appear to be slifi^tly broader in the species. 

Alligator Lake, near Myrtle Beach, Horry County, South Carolina. 
Forming blue-green or brown gelatinous masses among mosses in damp 
places on the bank of the lake. 


IVostoc muscorum (?) Agardh. Dispositio algarum sueciae, p. 44. 

1812. 

Gonidia were not present in this collection and thus the writer cannot 
be certain of this identification. He is, however, reasonably satisfied. 
The much twisted and contorted trichomes measured 3.5-4.5 mic. in 
diameter, and were composed of barrel-shaped cells 7-8.6 mic. in length. 
In size, the ^obose heterocysts varied between the limits 5.2-6.8 mic. 
in diameter. Cell contents were quite granular. 

Durham, Durham County, North Carolina. Forming expanded ge- 
latinous masses on moist soil and among mosses. Collected in the Duke 
Forest. 

CYLINDROSPERMUM Kuetzing, 1843 

Sheaths difiSuent, forming an amorphous, expanded mucous stratum 
of indefinite form; trichomes relatively short because of frequent hor- 
mogone formation, sometimes exhibiting movement; vegetative cells 
cylindrical, longer than broad; heterocysts cylindrical, longer than 
broad, solitary, alwa 3 r 8 terminal; hypnogomdia always developed from 
the cell or cells next to the heterocyst at base of plant, generally solitary, 
rarely in series, outer layer of wall papillate in some species. 

a. Wall of gonidium smooth. 

b. Hypnogomdia 9-21 x 20-90 mic., with radial striations in outer 

wall C. aUUotporum 

bb. Hypnogomdia 9-12 x 10-20 mic., without such striations 

C. muicicola 

as. Wall of gonidium covered with numerous short needle-like spines 

C. trichotospermum 

Cylindrospermum alato^rum F. E. Fritsch. Ann. of the South Afri- 
can Mus. 9: 678, fig. 37, d-h. 1911-1918. Fig. $0. 

Vegetative ceils studied from this collection measured <8.6 x 3.6-4.8 
mic.; heterocysts were 4.5-5.1 x 6.2-7.6 mic.; hy^ogonidia were 7-12 
X 16.6-22 mic. It will be noticed that a few of these measurements are 
a little smaller than those of the typical species, but not to such an extent 
as to affect the ultimate identification. Most of the vegetative cells 
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were barrei-duqped. The ellipsoid gonidia developed singly and pos- 
sessed rounded instead of truncate apices. The peculiar and character- 
istic striations of the walls of the gonidia were well in evidence. 

Durham, Durham County, N. C. Associated with Vaueheria sp. in 
freshwater in a laboratory at Duke University. 

Cylindroqtennum muscicola Kuetz. Phycol. germanica, p. 173. 1845. 

Fig. 18. 

The slimy plant mass was dark green in color. Vegetative cells 
measured 3.2-3.6 x 2.5-4. 1 mic.; the heterocysts 5.4-6.3 x 5.4-7.2 mic.; 
the gonidia 8.1-8.2 x 16.4-19.8 mic. The cells were somewhat quad- 
rate in shape and constricted at the joints. The measurements of the 
heterocsrsts were slightly larger than those for the species, but this was 
not of sufficient importance to alter the identification. 

Hollow Rock, Durham County, N. C. Forming a thin coating on 
moist clay on the bank of a small stream. 

Cylindrospermum trichotospermum Fr4my. Lee Myxophyc^ de I’Af- 

rique 4quatoriale francaise, p. 379, fig. 316. 1930. Fig. 86. 

This species is characterized by the elliptical gonidia, the walls of 
which are provided with numerous needle-Uke spines. The vegetative 
colls from this collection measured 3.2-3.6 x 4.6-7.2 mic.; the hetero- 
cysts 4.5-5.5 X 8.1-9 mic.; the gonidia 11.8-14.1 x 19.8-28.8 mic. 

In the original description of this species the plant mass is said to be 
“minute, floating among other algae.” The North Carolina material, 
however, occurred on mud forming plant masses about the size of a 
silver dollar. These masses were composed of only a single species. 

Old Fort, McDowell County, N. C. Plant masses, formed on mud, 
shaded by tall sedges. 

Family SCYTONEMATACEAE (Kuetzing) RabenhoiBt, 1885 

Filaments differentiated into a basal and terminal portion, mmple or 
branched; false branches formed by the perforation of the sheath by 
the trichome, which thereupon issues as one or two long flexuous 
branches, each developing a sheath of its own; sheaths homogeneous 
and colorless, or lamellose and yellowish or brownish, firm and tubular; 
trichomes consisting of a single row of cells, one or more included within 
the sheath; heterocysts and hypnogonidia variously disposed; reproduc- 
tion by means of hormogones and hypnogonidia. 
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a. Falae branehee usually arisiiig between two heterocysts, single or in 
pairs; sheAths delicate or very thick, homogeneous or lamellose; lamellae 

parallel, or more or less diverging toward the apex Scytonema 

aa. False branches usually arising in the immediate region of the heterooyists, 
single; sheaths somewhat thin, flexuous, more or less fragile. . Tolypothrix 

SCYTONEMA C. A. Agardh, 1824 

Plants generally forming a dense interwoven mass on damp or wet 
substrata, more rarely submerged; filaments branched, containing a 
single trichome; sheaths tubular, of practically uniform thickness, deli- 
cate or thick, firm, homogeneous and colorless, or lamellose, with parallel 
or more or less diverging layers, their edges in the latter case sometimes 
projecting and producing a frayed margin, termed ocrea, yellowish or 
brown in color; false branches long and flexuous, developing a sheath of 
their own, arising singly or more commonly in pairs between two hetero- 
cysts, formed by the lateral perforation of the sheath by the trichomes 
at first pushing out as a loop, which later breaks across the apex; 
trichomes straight, cylindrical, toward the growing end of the filament, 
often increasing in diameter, the cells becoming shorter and rounded; 
heterocysts intercalary; reproduction normally by hormogones, and by 
hypnogonidia in many species; hormogones formed at the ends of 
branches; hypnogonidia spherical or oval, with a thin, smooth wall. 

a. Sheaths homogeneous or lamellose, not with diverging layers. 

b. Plants aquatic S. crispum 

bb. Plants aerial or subaerial. 

c. Sheaths homogeneous; trichomes increasing in diameter toward 

the apices; cells 5-12.8 mic. in diameter S, carolinianum 

cc. Sheaths lamellose; trichomes more or less constant in diameter 

throughout; cells 25-33 mic. in diameter S. inaigne 

aa. Sheaths lamellose, with diverging layers S. cruaiaceum 

Scytonema crispum (Agardh) Bomet. Bull. Soc. Bot. Fr. 36: 156. 

1889. (PeciUalaria crispum Agardh. Synopsis algarum Scand., p. 

108. 1817.) 

The plant mass was woolly in appearance and greenish blue-green in 
color. All of the filaments measured between 18 and 31.5 mic. in 
diameter, with sheaths sometimes lamellose. False branches were al- 
ways in pairs, and most of the trichomes were const^cted kt the joints. 
The numerous heterocysts were slightly broader than the vegetative 
cells and depressed-spherical to quadrate in shape. The cells measured 
16-29 X 5-10.5 mic. in size, with slightly granular contents and a bright 
blue-green color. 
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Lake Chapin, near Myrtle Beach, Horry County, S. C. Forming 
large woolly masees attached to Cham sp. and other plants growing in 
the lake. 

Scytonema carolinianum sp. nov. Fig. 16-16. 

Filamentis cum aliis mixtis, assequentibua diametrmn maximuin 
ad apices et decrescentibus ad mediam regionem; falsis ramis lon^, 
plerumque in paribus, a^utinatis aliquod spatium a base; vagii^ 
sine colore, latis, mucosis, homogeneosis; trichomatibus 5 mic. in 
diametro prope mediam regionem, crescentibus ad 12.8 mic. ad apices; 
minima longitudine cellarum attacta in meristema parte ad fines 
trichomatum; heterocystis sphaericis, vel brevi-cylindratis; contento 
cellarum granulato, viridi usque ad caerulei-viridem in colore. 

Filamentis 10.8-28.5 mic. in diametro, 

CeUis 5-12.8 x 2.4-14.8 mic. 

Heterocystis 8.3-10.5 x 8.3-12.2 mic. 

Filaments intermixed with other algae, reaching their maximum diam- 
eter at the apices and decreasing toward the mid-region; false branches 
long, usually in pairs, agglutinated for some distance from the base; 
sheaths colorless, wide, mucous, homogeneous; trichomes 5 mic. in 
diameter near the mid-re^on, increasing to 12.8 mic. at their apices; 
minimum length of cells reached in the meristem portion at the ends of 
the trichomes; heterocysts spherical, or short cylindrical; cell contents 
granular, green to blue-green in color. 

Filaments 10.8-28.5 mic. in diameter. 

Cells 5-12.8 X 2.4-14.8 mic. 

Heterocysts 8.3-10.5 x 8.3-12.2 mic. 

This species appears to be characterized by the gradual diminution in 
diameter of the trichomes from the apices to the mid-region. The 
plants were abundant in a single collection. 

Hollow Rock, Durham County, N. C. Filaments intermixed with 
those of Stigonema hormoides (Kuetz.) Bornet and FlahauTt. Growing 
on damp soil rich in decasdng vegetable matter. Collection: — ^5a. 

Scjrtonema insigne W. and G. S. West. Welwitsch’s African freshwater 

algae. Jour. Bot., Brit, and Foreign 36: 266. 1897. 

This plant proved to be very interesting, not having been collected 
since W. and G. S. West first described it from Africa in* 1897. The 
plant mass, greenish in color, was somewhat widely racpanded. The 
filaments, measuring 18-26.5 mic. in diameter, formed erect tufts. 
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Each filament was provided with a thick, lamellose sheath formed of 
parallel layers. The yellowish oolco' of the inner layers of the sheath, 
observed here and there, was accentuated by the colorless outer ones. 
The cells measured 8.2~12.3 x 3.6-16.4 mic. and appeared constncted 
at the joints. 

Hdlow Rock, Durham County, N. C. Growing in patches on wet 
soil and on damp limestone rocks. 

Scytonema enistaceiiin Agardh. Ssrstema algartun, p. 39. 1824. 

Fig. 17. 

The plant mass was brown in color, widely expanded, and calcareous 
but somewhat velvety to the touch. It consisted of filaments, 16-28.8 
mic. in diameter, whose false branches occurred in pairs at the base of 
Ihe mass, but only singly in the erect branches. All of the sheaths were 
firm and thick, with decidedly diverging layers, and very irregular in 
outline. The cells were somewhat spherical-depressed in shape, usually 
shorter than broad, and constricted at the joints. Most of the hetero- 
cysts were spherical to spherical-compressed. Cell contents appeared 
to be either homogeneous or with a few large granules. 

Myrtle Beach, Horry Coimty, S. C. Forming widely expanded, but 
relatively thin, brown patches on dry ground near Lake Chapin. 

TOLYPOTHRIX Kuetzing, 1843 

Plants chiefly aquatic, occurring among various plants in ponds and 
lakes, forming floccose floating masses or submerged tufts, or, rarely, a 
stratum on damp rocks; filaments branched; sheaths rather thinner 
than those of Scytonema, colorless or yellowish or brown, either flexible 
or more or less fragile; false branches more or less frequent, usually 
single and mostly issuing from the main filament in the immediate 
r^on of the heterocysts, very rarely between two heterocysts; hetero- 
c^ts sini^e or from 2 to 5 in a series; reproduction normally by means 
of hormogones, sometimes by hypnogonidia; hormogones formed at 
the ends of the branches; hypnogonidia spherical, oval or ellipsmd, 
often many in a series, with smooth, thin walls. 


a. Filaments under 5 nde. in diameter T. delieatvla 

aa. Filaments over 6 mic. in diameter. 

b. Plants aquatic T. (Httorta 

bb. nants aerial, living on trunks of trees T. reokingeri 


Tdypothrix d^icatula sp. •nov. Fig. B8. 

nuitae massa lanatSj spinulari forma, colore caeruld-viridi, fila- 
mentis rare scisris, ramis falos brevibus et patulis; vaginis maxime 
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astrictis, indistiivctis nisi ad fines trichomatum, sine colore; cellis non 
omnino vel vix constrictis ad articulos; heterocystis, prope ramose 
sphaericis usque ad oblongos, qui sunt remoti a ramis ca^ormibus 
usque ad cylindratos; partibus interioribus caerulei-viridibus, habenti- 
bus granula sparsa. 

Filamentis 4. 1-4.5 mic. in diametro. 

Cellis 4,l-4.6 x 12.3-18.4 mic. 

Heterocystis 4. 1-6.9 x 6.3-31.6 mic. 

Plant mass woolly, cushion-shaped, blue-green in color; filaments 
rarely branched; false branches short, spreading; sheaths very close, 
indistinguishable except at the ends of the trichomes, colorless; cells 
not at all or scarcely constricted at the joints; heterocysts, adjacent to 
the branches, spherical to oblong, those remote from the branches barrel- 
shaped to cylindrical; cell contents blue-green, containing scattered 
granules. 

Filaments 4. 1-4.5 mic. in diameter. 

Cells 4.1-4.5 X 12.3-18.4 mic. 

Heterocysts 4. 1-6.9 x 5.3-31,5 mic. 

This material was collected in abundance and studied in both the 
living and in preserved conditions. At first glance, the appearance of 
the plant is similar to that of Tolypoihrix tenuis Kuetzing, but it differs 
from this species in several characteristics. In the plants described 
above the sheath is so thin that it is invisible except at the ends of the 
trichomes, while in T, tenuis the sheath is seen distinctly in any portion 
of the plant. 

The cells of T. tenuis rarely fall below 6 mic. in diameter and they 
are as long as broad or sometimes longer than broad. The heterocysts 
are spherical. In the case of the plants of the new species, on the other 
hand, the cells never exceed 4.6 mic. in diameter and are 12.3 to 18.3 
mic. in length, making them cylindrical in shape. The heterocysts are 
spherical, barrel-shaped, or cylindrical. 

Alligator Lake, Horry County, S. C. Forming slimy, irregularly ex- 
panded, submerged masses on an unidentified species of Chara, Col- 
lection: — S. C. 3. July 2, 1932. 

Tolypothriz distorta (Flora Danica) Kuetz. Phycol. generalis, p. 228. 

1843. Flora Danica, pi. 820. 1780. 

The plant mass was more or less expanded, blue-green in color, and 
consisted of filaments which varied in diameter from 11.2 to 14.1 mic. 
False branches were very abundant, and long an4 graceful in appear- 
ance. The trichomes, which possessed thin and colorless sheaths, were 
8.2 to 10.1 mic. in diameter, with a few below the minimum for the 
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species. Cells of this species, many o! which were constricted at the 
joints, measured 2.5 to 9.4 mic. in length. Their contents appeared 
homogeneous and blue-green in color. 

Greenville, Greenville County, S. C. Forming a more or less ex- 
panded, blue-green coating on the bottom of a shallow pool. 

Tolypothriz rechingeri (Wille) Geitler. In Pascher, Die SOsswasser- 
Flora Deutschlands, etc., 12: 259, text fig. 309. 1925. (HaaeaUia 
rechingeri Wille. Sfisswasseralgen von den Samoainseln, etc. Bot- 
anische und Zoologische ergebnisse einer wissenschaftlichen for- 
schungsreise nach den Samoainseln von M5rz bis Dezember 1905, 
p. 10, pi. 1, fig. 19-26. 1914.) Fig. SI. 

The plants collected agree in evgry way with the species description 
except that some of the trichomes were as small as 6.1 mic. in diameter. 
Wille in his original description states that the trichomes branch be- 
tween the heterocysts, but this does not seem always to be the case. 
The plant mass was brown in color. The filaments measured 11 to 15 
mic. in diameter, were richly branched, and were provided with yellow, 
very fragile sheaths. Usually, the heterocysts were spherical in shape, 
sometimes spherical-depressed. 

Durham, Durham County, N. C. Growing in loose masses on the 
trunk of a cedar tree near Duke University. 

Family STIGONEMATACEAE Kirchner, 1898 

Plants (filaments) free, or forming a stratum or gelatinous colony, 
composed of a single series of cells, or of two or more series, within a 
sheath, resulting from cell division in one, two, or three planes, branched; 
true branches present; cells somewhat spherical, cylindrical, or irregu- 
larly angular; heterocysts intercalary or terminal on short lateral 
branches; reproduction by hormogones and by hypnogonidia. 

a. Triohomea consisting of a single row of cells; branches usually unilateral 

Hapaloeiphon 

aa. Trichomes consisting of one to several rows of cells; branches scattered, 
usually not unilateral Stigonema 

HAPALOSIPHON Naegeli, 1849 

Plant mass caespitose-fioccose, thin, usually aquatic; filaments free, 
in floating patches or epiphytic on higher plants, branched, consisting 
typically trf a single row of cells (i^jurely of two rows) within the sheath; 
branches erect, usually about the same diameter as the creeping primary 
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filament, commonly unilateral, long, flexuous, very slightly tapering; 
sheaths firm, narrow, of uniform thickness; hypnogonidia with thick, 
yellowish-brown walls, often formed in abundance. 

a. Filaments 5.5-7.5 mic. in diameter; branches short, equal to, sometimes 

slightly thinner than, the main filament JET. weluoitBchii 

aa. Filaments 7.2-0.5 mic. in diameter; branches long, flexuous, always 
thinner than the main filament H^Hhernicus 

Hapalosiphon welwitschii W. and G. S. West. Welwitsch’s African 

freshwater algae. Jour, Bot., Brit, and Foreign 35: 242. 1897. 

Fig, 99, 

The main filaments observed measured 6.4 to 6.6 mic. in diameter. 
They occurred singly. Numerous unilateral branches were present, all 
of which were slightly smaller than those of the parent filaments. The 
cells were quite variable in size, those in the branches being longer than 
those in the main filament. 

Hollow Rock, Durham County, N. C. Intermixed with an uniden- 
tified species of Schizothrix, growing near the edge of a small creek. 

Hapalos^hon hibernicus (?) W. and G. S. West. Jour. Royal Micros. 

Soe., 1896, p. 163. 

Sufficient material was not at hand to insure a positive identification. 
The filaments occurred singly, and measured 8.2 -9.4 mic. in diameter. 
Cells within the main filaments fell within the limits 5.3-7. 1 x 4.1-10.2 
mic. The long cylindrical heterocysts were 5.6“6.2 x 18.4-20.5 mic. 
in size. Because these measurements are fairly suitable for the corre- 
sponding measurements for the species, the writer, with hesitancy, places 
the few plants in the collection in this species. 

STIGONEMA C. A. Agardh, 1824 

Plants, or filaments, free, terrestrial or aquatic, free-floating or aggre- 
gated to form rigid or soft felt-like or cushion-like dark brown masses 
on damp surfaces, frequently very wide, irregular, and often richly 
provided with short, thick, irregularly disposed branches that are often 
considerably narrower than the main filaments; sheaths extremely thick, 
lamellose, generally golden-yellow or brown, made up of dissolved 
sheaths of the contained cells, which as they grow continue to excrete 
gelatin; trichomes consisting of rounded cells exhibiting obvious proto- 
plasmic connections, usually with distinct individual sheaths" disposed 
in one, two, or three to several rows; heterocysts commonly lateral. 
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here aad there intercdary; reinroduction normally by honiMpo*vh| de- 
vekq>ed in the etala of oi^nuy branches or in short i^xtdal branches, 
few- or nuuiy-oelled. 

a. Triohomes eonsiating of a aingle aeriea of cells. 

b. Filaments 7-15 mic. in diameter; sheaths usuidljr colmiess 

3. homuridet 

bb. Filaments 2i-26 mic. in diameter; sheaths thick, lamellose, yellowish 

or brownish S. panniforme 

aa. Triohomes consisting of two to several series of cells. 

b. Filaments 27-37 mio. in diameter; hormogones 12 x 46 mic. in sise 

S. turfaceum 

bb. Filaments 40-70 mic. in diameter; hormogones 18 x 46 mic. in sise 

S. informe 

Stigonema honnoides (Kuetz.) Bomet and Flahault. Ann. Sci. Nat. 
Bot., ser. 7, 6: 68. 1887. (Scytonema hormoides Kuetz. Phycol. 
generalis, p. 215. 1843.) Fig. SS. 

Three features characterize this species: the comparatively small size 
of the filament, the colorless sheath, and the uniseriate axis. The fila- 
ments studied from this collection measured 8-12 mic. in diameter. 
Most of the vegetative cells were spherical and were 4.1-4.9 mic. in 
diameter. 

Hollow Rock, Durham County, N. C. Growing in loose mats on 
damp soil well shaded by forest trees. 

Stigonema panniforme (C. A. Agardh) Kirchner. Kryptogamen-Flora 
von Schlesien 2: 230. 1878. (Scytonema panniforme Agardh. 
Synop. algarum, p. 116. 1817.) 

This species is characterized by the definite size of the filaments, 
which contain each a single row of cells, and by the thick, yellow 
lamellose sheaths. The filaments in this collection measured 24.6-28.7 
mic. in diameter. The hormogones were 102.5 mic. in length and con- 
tained 15 to 22 cells each. Most of the branches tapered toward the 
apices. The ceils, frequently discoid in shape, measured 8.2-12.3 x 
4.1-14.5 mic. 

Hollow Rock, Durham County, N. C. Growing on moist soil near 
a small creek and on the surface of decaying vegetable matter. 

Stigonema turfaceam (Berk.) Cooke. British freshwater algae, p. 273. 

. 1884. (Scifitmym iutfaceum Berk. English Botany, pi. 2826, fig. 1. 
1838.) Fig.^:^ 
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Filaments from this collection measured 28.7-36.9 mic. in diameter. 
This species is terrestrial, the trichomes of which are composed of sev- 
eral rows of cells. The latter measured 5-12.5 x 3.5-13 mic. Hormo- 
gones were quite variable in size, some of them falling short for the 
minimum of the species. Each consisted of from 7 to 13 cells. 

llollow Rock, Durham County, N. C. Growing on moist earth in 
rocky places, associated with ^tigonema hormoides. 

/ 

Stigonema iaforme Kuetz. Species algarum^ p. 319. 1849. 

When collected, the widely expanded plant mass was dark brown in 
color. All of the filaments were large, coarse, and very irregular in 
outline, each containing several rows of cells. The filaments were 32.8- 
69.3 mic., the cells 11.2-17.2 mic. in diameter. Hormogones were nu- 
merous, measuring 30 to 50 mic. in length. 

Hollow Rock, Durham County, N. C. Forming expanded masses on 
damp, well shaded soil near the bank of a small stream. 

Family RIVULARIACEAE Rabenhorst, 1865 

Filaments cohering by their gelatinous sheaths, forming more or less 
definite spherical or hemispherical colonies, radiating from the center 
outward, or parallel and forming caespitose strata, rarely solitary, simple 
or branched; trichomes tapering from base to apex, ending in a colorless 
hair, one to several within a sheath; branches false, usually beneath the 
heterocysts, more rarely between the heterocysts; heterocysts basal or 
intercalary, rarely absent; reproduction by means of hormogones and 
hypnogonidia. 

a. Filaments not agglutinated, rarely branched; hypnogonidia usually not 
present 

Caloihrix 

aa. Filaments agglutinated, widely branched; hypnogonidia present 

Gloeotrichia 


CALOTHRIX C. A. Agardh, 1824 

Plants sometimes solitary, more usually forming penicillate tufts or 
soft velvety expansions, which are generally attached to submerged 
rocks and stones, some species being epiphytic; filaments simple or with 
scanty false branches; sheaths cylindrical, firm, frequently thick and 
lamellose, often diffluent in the upper portion, sometimes brown in 
color; trichomes tapering from near the base upward, or only at the 
upper end, sometimes long and flexuous, terminating in a point or fre- 
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quently in a long hyaline hair; heteroc 3 rsts basal or intercalary/ single 
or several in a series, absent in a few species; hormogones oftcto formed 
in series; hypnogonidia formed singly or in a series adjacent to the basal 
heterocyst. 


a. Filaments epiphytic, isolated or in small groups C. genuflexa 

aa. Filaments not epiphytic, forming more or less expanded masses, some- 
times free-floating; sheaths colorless C. braunii 


Calothrix genuflexa sp. nov. Fig. SO. 

Filamentis usque ad 350 mic. in lon^tudine, seiunctis vel parvis 
globis, epiphyticis; p^rte infirma filamenti flecta et hospiti affixa, apice 
libera et recta; vaginis densis, firmis, sine colore, tubulata; trichomatibus 
constrictis ad articulos, valde paulatim fastigalis, non in pilum finitis; 
cellis cadiformibus, brevioribus in regione basis; heterocystis singulis, 
basalibus, hemisphaericis, sine colore; rebus interioribus cell^m 
paululum ^anulatis, caeruli-viridibus. 

Filamentis 9.6-12.8 mic. in diametro. 

Cellis 8.2-12.7 x 7.2-11.6 mic. 

Heterocystis 6.4-11.5 mic. in diametro. 

Filaments up to 350 mic. in length, isolated or in small groups, epi- 
phytic; basal portion of filament bent, attached to the host, apical por- 
tion free and erect; sheaths thick, firm, colorless, tubular; trichomes 
constricted at the joints, very gradually tapering, not ending in a hair; 
cells barrel-shaped, shorter in the basal region; heterocysts single, basal, 
hemispherical, colorless; cell contents somewhat granular, blue-green. 

Filaments 9.6-12.8 mic. in diameter. 

Cells 8.2-12.7 x 7.2-11.5 mic. 

Heterocysts 6.4-11.6 mic. in diameter. 

The new plant compares unfavorably with any species of Calothrix 
yet described. Calothrix epiphytica West and West and C. scytonemi- 
cola Tilden make the nearest approach. When compared with the 
former, the lengths of the filaments, their habit of growth, and the posi- 
tion of the heterocysts are identical with those of the new species. On 
the other hand, the diameters of the trichomes and the filaments of the 
proposed new species are twice those of C. epiphytica^ and the trichome 
does not end in a hair, as is the case with the latter. 

The plants differ from those of C. scytonemicola in having a much 
broader filament, and heterocysts not in pairs. The sheath is firm and 
thick, while in C. scytonemicola it is indistinct. 

Florence, Florence County, S. C. Epiphytic on filaments of Scy- 
Umema crispum Ag. that were attached to a log floating in Muldrow’s 
Mill Pond. Collection: — S. C. 31. July 3, 1933. 
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Calotfarix (7) braunii Bomet and Flahault. Ann. Sci. Nat. Bot., ser. 7; 
3: 368. 1886. 

The free-floating filaments were not present in suflScient numbers to 
allow a satisfactory identification. They measured 6-10.3 mic. in diam- 
eter, the smaller sizes referring to young filaments. The sheaths were 
thin, colorless, and close, visible only near the base of the plants. The 
trichomes measured 5.6-7.2 mic. in diameter. They tapered gradually 
from the base and ended in long hairs. The cell contents were homo- 
geneous and blue-green. 

Hollow Rock, Durham County, N. C. Free-floating and attached to 
dead twigs in a creek. 

var. marima var. nov. Fig. 35. 

Except in size, the plants agree in every way with Caloihrix braunii 
With the plants under consideration, however, the diameter of the fila- 
ments may be greater by 4 mic., and that of the trichome by 2~3 mic. 
Also the sheath is occasionally yellowish, which is never the case in 
C. braunii. 

Gaffney, Cherokee County, S. C. Forming a thin coating on the 
concrete bottom and sides of an outdoor lily pool located in the yard of 
the author’s home. 

GLOEOTRICHIA J. G. Agardh, 1842 

Colonies macroscopic, at first attached, later often free-floating, solid 
when young, becoming inflated and hollow, soft, spherical or nearly so; 
filaments radiating from the center outward, repeatedly branched, false 
branches obvious only in very young colonies; sheaths conspicuous only 
near the base of the trichomes, being gelatinous and confluent in outer 
parts of the colony, sometimes yellow or brown, in some cases indurated 
with lime when mature ; trichomes more or less torulose, tapering from 
base to apex; heterocysts usually basal, intercalary at points of branch- 
ing; hormogones formed from upper parts of the trichomes, the apical 
hair being shed; hypnogonidia cylindrical, elongated, developed from 
the cell immediately above the heterocyst and remaining for some time 
within the basal part of the protecting sheath. 

Gloeotrichia echinulata (J. E. Smith) Richter. Forschungsbr. Biol. 

Stat. zu Pl5n 2: 31, fig. 1-8. 1894. (Conferva echinulata Smith. 

English Botany, pi. 1378. 1804.) 

Free-floating filaments of these plants were collected in great abun- 
dance, they being no longer held together in colonies. The trichomes 
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measured 8-10 mic. in diameter at the base, tapering gradually from 
base to apex and ending in a long hair. Sheaths were distinct in the 
basal regions of the triohomes. The spherical heterocysts were terminal 
and measured 8-12.5 mic. in diameter. Granules were abundant within 
the cells. 

Alligator Lake, Horry County, S. C. Not in distinct colonies, but 
forming slimy, mucilaginous masses attached to a species of Chara. 

Dxpabtmsnt of Biology, 

University of South Cabolinia, 

Columbia, S. C. 
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EXPLANATION OF PLATES 14r-17 
(All figures X 750) 

Plate 14 

Fig. 1. Aphanothece microacopica Naegeli. Only a few cells of the colony drawn 
in detail. 

Fig. 2. MicrocysHa aeruginoaa Kuetzing. Pseudo vacuoles will be observed in 
these cells. 

Fig. 3. Gloeocapaa conglomerata Kuetzing. 

Fig. 4. Aphanocapaa grevillei (Hassall) Rabenhorst. Plants in different stages 
of division. 

Fig. 6. Phormidium crouani Gomont. 

Fig. 6. Phormidium retzii (C. A. Agardh) Gomont. 

Fig. 7. Chamaeaiphon incruatana Grunow. 

Fig. 8. Oadllatoria tenuia Agardh. Apical portions of trichomes showing varia- 
tions within the species. (Figs, after M. Forbes.) 

Fig. 9. Phormidium auiumnale (Agardh) Gomont. 

Fig. 10. Gomphoaphaeria aponina Kuetzing var. delicatvla Virieux. Portion of 
a mature colony. 

Fig, 11. Aphanothece pallida (Kuetzing) Rabenhorst. Several plants in various 
stages of division. 

Fig. 12. Chroococcua iurgidua (Kuetzing) Naegeli. 

Plate 15 

Fig. 13. Microcoleua vaginatus (Vaucher) Gomont. 

Fig. 14. Siigonema turfaceum (Berkeley) Cook. 

Fig. 15. Scytonevia carolinianum sp. nov. 

Fig. 16. Scytonema carolinianum sp. nov. A portion of a filament showing 
agglutination of the false branches. 

Fig. 17. Scytonema cruataceum Agardh. 

Fig. 18. Cylindroapermum muacicola Kuetzing. 

Plate 16 

Fig. 19. Schizothrix frieaii (Agardh) Gomont. 

Fig. 20. Cylindroapermum alatoaporum F. E. Fritsch. Two trichomes, one with a 
hypnogonidium in its early stage of development, the other with a 
nearly mature resting cell, and a series of five drawings showing suc- 
cessive stages in the germination of a hypnogonidium. 

Fig. 21. Noatoc ellipaoaporum (Desmaz.) Rabenhorst var. minimum var, nov. 

Fig. 22. Lynbya martenaiana Meneghini. 

Fig. 23. Noatoc punciiforme (Kuetzing) Hariot. A single small colony. 

Fig. 24. Schizothrix aikenenaia (Wolle) comb. nov. 

Fig. 25. Anabaerui parva sp. nov. Several trichomes, each with developing 
hypnogonidia. 
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Fig. 26. Cylindfonpermum irichotoepermutn Fr6iny. 

Fig. 27. Lyngbya aeatuarii (Mertens) liebman. 

Plats 17 

Fig. 28. Tolypothrix delicatula sp. nov. Portion of a single branching filament, 
and two heterocysts of different forms. 

Fig. 29. Hapalosiphon welwitschii W. and O. S. West. 

Fig. 80. Calothfix yenujUxa sp. nov. An entire filament, drawn in sections, 
epiph 3 rtic on a filament of Lyn^ya sp. 

Fig. 31. Tolypothrix rechingeri (Wille) Geitler. 

Fig. 32. Stigonema hormoideo (Kuetzing) Bomet and Flahault. 

Fig. 33. Afi^aena torulosa (Carm.) Lagerheim. 

Fig. 34. Anabaena laxa (Rabenhorst) A. Braun. 

Fig. 35. Calothfix braunii Bornet and Flahault var. maxima var. nov. 
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CX)RDYCEPS FROM THE MOUNTAINS OF NORTH CAROLINA 

AND TENNESSEE! 

By E. B. Mains 
Plates 18-21 

The mountainous area of western North Carolina and eastern Ten- 
nessee appears to be very favorable for species of Cordyceps. In this 
paper, 20 species are reported. In 1910 Seaver (14) treated the genus 
for North America, recording 18 species. Thirteen species were re- 
ported for the United States. Several of these have since been shown 
to be synonymous and several new species have been described, the 
number of species now reeorded for the United States being 21. In 
this paper 6 additional species are reported, of which 3 have not previ- 
ously been described. Thus out of a total of 27 species for the United 
States 20 are here recorded for the mountains of North Carolina and 
Tennessee. Cordyceps gracilis Mont. & Dur., C. clavulata Schw., C. 
adcularis Rav., and Ophiocordyceps macidaris Mains are not recorded 
but doubtless occur. Cordyceps pahistris Berk. & Br., C. irmgnis 
Cooke & Rav., and C. armeniaca Berk. & Curt, are based on early collec- 
tions and are known only from the types or have been rarely collected. 

The writer’s attention was directed to this area by the collections of 
Dr. A. H. Smith who spent parts of the summers of 1937 and 1938* 
with Professor L. R. Hesler studying the Agaricaceae of the Great 
Smoky Mountains National Park. He obtained many collections in 
other groups, among which were 50 belonging to d3 species of Cordy- 
ceps, one proving to be new. 

Through the kindness of Dr. David H. Linder it has also* been pos- 
sible to study the collections of Professor Roland Thaxter now in the 
Farlow Herbarium of Harvard University. In 1887 and 1896, Professor 
Thaxter collected at Cranberry, North Carolina, and Burbank, Ten- 
nessee. He obtained many interesting collections of Cordyceps but 

* Paper from the Department of Botany and the Herbarium of the^ University 
of Michigan. 

* Dr. Smith’s studies were supported by funds from the Horace H. Raokham 
School of Graduate Studies of the University of Michigan. 
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apparently did not publish the results of his studies. Thirteen species 
have come to the writer's attention, three having been recently de- 
scribed by Fetch (13) and one being described as new in this paper. 

Collections have also been received from Professor W. C. Coker of 
the University of North Carolina and Professor L. R* Hesler of the 
University of Tennessee which have given a number of additional 
records and one new species. 


KEY TO THE SPECIES 


1. Perithecia superficial, free or crowded, sometimes adhering, not embedded 

in a stroma 2 

1. Perithecia embedded in a stroma, sometimes only partially 10 

2. Clavae lacking 3 

2. Clavae present . ..... 4 

3 Perithecia developing from a mycelial mat on mature moths C Sphingumi^ 121 

3 Perithecia developing from the apex of a buried pseudostalk 

C subaesaihs p. 122 

4. Clavae very short, 1. 5-2.5 mm , on spiders C Thaxteri p 120 

4 Clavae longer, on insects 5 

5. Perithecia crowded, often adhering in groups 6 

5 Perithecia free, scattered 7 

6. Clavae vinaceous-fawn, asci clavate, ascospores fusoid, entire, on larvae of 

beetles Ophiocordyceps macularts* 

6 Clavae ochraceous, asci cylindric, ascospores filiform, segmenting, on larvae 

of beetles C variahihs p 123 

7. Clavae yellowish white, soft, variable, on mature moths C Sphingum p 121 

7 Clavae orange, ochraceous, or brownish black 

8 Clavae brownish black, club-shaped, on larvae of beetles 
8 Clavae grayish brown, filiform, on larvae of beetles C 

8 Clavae ochraceous orange, filiform 
9. Asci cylindric, part spores 20-50 m 

9 Asci clavate, spores not segmenting 
10 Parasitic on fungi (Elaphomyces spp ) 

10 Parasitic on insects 

11. Clavae club-shaped, part spores 3-4 x2 p 

11. Clavae capitate 

12. Part spores 3-5 x 1 5-2 /z 

12. Part spores 25-50 x 4 m 

13. Stromata developing as cushions or irregular patches on clavae 
13 Stromata regularly distributed on clavae 

14. Stromata forming irregular patches on large clavae, 40-50 x 10-15 mm., on 

larvae of beetles C. Melolantkae p 124 


8 

C Ravenelii p 122 
superficialis p 122 
9 

C. michiganensis p 123 
C acicularis^ 
11 

13 

C ophioglosaoides p 119 
12 

C. intermedia p 120 
C. capiiaia p 119 

14 
16 


’ This species has apparently "not been collected in the area under considera- 
tion, but doubtless occurs. 
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14. Stromata forming cushions laterally placed on slender clavae 15 

15. Fertile stromata black, on ants C. unilateralis p. 124 

15. Fertile stromata orange, on larvae of beetles C. viperina p. 124 

16. Clavae capitate 17 

16. Clavae club-shaped, cylindric or filiform 19 

17. Heads hemispherical, ochraceous orange, on flies C. dipterigena p. 127 

17. Heads hemispherical, black, on ants C. unilateral^ p. 124 

17. Heads spherical or ovoid 18 

18. Clavae yellow, asci cylindric, ascospores filiform, segmenting, on wasps 

C, aphecocephala p. 127 

18. Clavae with yellow stalk, mahogany red head, ascospores filiform, segment- 
ing, on lepidopterous larvae C. gracilia* 

18. Clavae reddish brown, asci clavate, ascospores fusoid, entire, on wasps 

C. Smithii p. 127 


19. Apices of clavae sterile, fertile portion cylindric 20 

19. Apices of clavae covered with perithecia, fertile portion club-shaped 21 


20. Perithecia projecting one-third from a yellowish stroma, on lepidopterous 
larvae C. elongata p. 126 

20. Perithecia completely embedded in brownish stromata, on larvae of beetles 

C. atylophora p. 126 

21. Clavae 3-4 mm. long, on scale insects C. clavulata* 

21. Clavae much larger, on other insects 22 

22. Fertile portion black, on Cicada C, Healeri p. 125 

22. Fertile portion orange, on lepidopterous pupae C. militaris p. 125 


CoRDTCEPS OPHIOGLOSSOIDES (Ehih.) Link. 

On Elaphomyces spp. Great Smoky Mountains National Park, 
Aug. and Sept. 1937 and 1938, A. H. Smith, common; Highlands, N. C., 
Sept. 1937, Aug. 1938, A. H. Smith (7503, 7521, 10390), 

This is the most abundant and widespread species parasitizing 
Elaphomyces, The clavae are greenish brown to greenish black, 
club-shaped, the fertile portion cylindric or narrowly ellipsoid. The 
clavae are usually attached to the tubers by long yellow rhizomorphs. 
The perithecia are entirely embedded and are narrowly ovoid. The 
asci are cylindric, slightly narrowing at the apex and toward the base, 
270-360 X 7-8 p. The ascospores are filiform, nearly as long as the 
asci, multiseptate, early separating into the component cells which are 
short cylindric, 3-4 x 2 p. There are specimens in the Farlow Her- 
barium collected by R. Thaxter at Burbank, Tennessee. 


CoRDYCEPS CAPiTATA (Holm.) link. 

On Elaphomyces sp. Great Smoky Mountains National Park, Keener 
House, Aug. 3, 1938; Le Conte, Aug. 23, 1938, A. H. Smith (9666, 
10475). 
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The clavae are olivaceous to greenish black, capitate, and are seated 
directly on the host. The heads are spherical and the peritheciaare 
embedded. The asci are usually described as cylindric but in these 
specimens are narrowly fusoid, 320-390 u long and 14-16 ju wide, nar- 
rowing at each end to 6-8 u- The ascospores are multiseptate, filiform, 
nearly as long as the asci, 4 u wide, tapering at each end to 2 ju. The 
ascospores early break into the component cells which are slightly 
fusoid, (16) 26-50 u long, and 4 (i wide, narrowing to 2-2.5 u at the ends. 
The end walls are somewhat thickened. This species varies somewhat 
in the size of the asci and specially of the part spores. In some col- 
lections the latter are much smaller, 14-30 x 2-3 n, at one time being 
recognized as a separate species, Cordyceps canadensis Ellis and Everh. 

CORDYCEPS INTERMEDIA Imai. 

On Elaphomyces sp. Cades Cove, Great Smoky Mountains National 
Park, Aug. 18, 1938, A. H. Smith (10336). 

This collection is very interesting. In its gross morphology and 
habit, it resembles Cordyceps capitata. The clavae are capitate and 
arise directly from the tubers. In the character of asci and ascospores 
it approaches C. ophtoglossoides. The asci are nearly cylindric, 420- 
480 X 6 It, narrowing only slightly toward the apex. The spores are 
filiform, nearly as long as the asci, multiseptate, the part spores short- 
cylindric, 3-5 x 1.5-2 p. This species was described by Imai (3) from 
Japan and it is interesting that it should be found in the eastern United 
States. The clavae are smaller than those described from Japan but 
C. capitata shows a similar variation. It is possible that this species 
may be a hybrid between C. capitata and C. ophtoglossoides. 

A 

CoRDTCEPS Thaxtbri sp. nov. Plate 18, figs. A-D 

Clavis 2-10, pallide brunneis, 1. 5-2.5 mm. altis, 150-180 crassis, 
sursum incrassatis 180-300 m; peritheciis paucis, superficialibus, ovoideis, 
960-1200 X 300-360 /u; ascis cylindraceis, 600-780 x 6-7 y; ascosporis 
filiformibus, 1-1.5 /k crassis, multiseptatis, septis 6-10 m distantibus; 
conidiosporis catenulatis, hyalinis, obovoideis, 4-11 x 2 p. 

In araneis. Cranberry, N. C., July-Aug. 1887, R. Thaxter (Farlow 
Herb. 4123, specimen typicum) ; Burbank, Tenn., Aug. 1896, R. Thaxter 
(Farlow Herb. 4122A). 

This speoieB is unusual in a number of respects. Collection 4123 
contains a^HOximately 70' small spiders covered with cottony masses 
of mycelium which attach the hosts to leaves. Each specimen bears 
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several pale bufif clavae which are 1.6-2.5 mm. long, 150-180 it thick 
below, usually enlarging above to 180-300 ft. The majority of the 
clavae bear only conidia which are produced in such quantity that they- 
are often covered with large floccose masses. The conidia are 
catenulate and are developed on brown, slightly roughened, clavate 
cells which cover the clavae. The conidia are narrowly obovoid, 4-1 1 x 
2 ft. It apparently is laaria arachnophila Ditmar. Fetch (8) has 
shown that the fungus most commonly reported as laaria arachnophila 
is Gihhdula arenarum and that (9) the latter is the conidial stage of 
TomibieUa (ribbelidae Fetch. Fetch (8) has transfered laaria arachno- 
phila to HymenoatHbe. 

Only a few, 1-4, perithecia develop on a clava. They are orange, 
conic-ovoid, and very large in proportion to the clavae, 960-1200 x 
300-360 ft. The asci also are unusual for their size, 600-780 x 6-7 ft. 
The ascospores are nearly as long as the asci, 1-1.5 ft in width, multi- 
septate with the cells 6-10 ft long, tardily breaking into part spores. 

The t3rpe is in the Farlow Herbarium of Harvard University, and in 
the Herbarium of the University of Michigan. 

CoRDYCBPS Sphingum (Tul.) Berk. & Curt. 

On mature moths. Cranberry, N. C., Aug. 1887, R. Thaxter (Farlow 
Herb. 4054) ; Cranberry, N. C., Aug. 1896, R. Thaxter (Farlow Herb. 
4053); Burbank, Tenn., R. TTiaxter (Farlow Herb. 6192); Fretty 
Hollow, Haywood Co., N. C., Aug. 11, 1936, Lane Barksdale. 

This is a very variable species which has been described under a num- 
ber of names (10). In the above collections, the mature moths are 
covered with a matted mass of mycelium which also fastens them to 
the substratum. Some specimens are sterile or bear only conidia. 
Others lack clavae, and perithecia are produced on the matted mycelium 
covering the moth. When clavae are produced they vary considerably 
in number, form and size. They are soft, whitish, and often reach 
10 mm. in length. The perithecia are scattered or crowded in groups. 
They are entirely superficial or immersed up to one-third of their 
height. They are brown, ovoid, 300-540 x 180-300 f» and contain 
cylindric asci 270-300 x 4 fi with filiform, multiseptate ascospores 
nearly as long as the asci, the part spores 4-6 x 1 ft. 

There is some question concerning the first name which was applied 
to the perithecial stage. The Tulasnes (15) under the nai6e Torrtibia 
aphingum described perithecia from North American specimens. They 
cited laaria aphingum. Schw. for the conidial stage and Akrophyton 
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tubercidatum Lebert for the perithedal stage. Fetch (10) concluded 
that Lebert’s name should be used. Later he (10) has expressed doubt 
^whether Lebert's name should apply to the North American fungus. 
It seems best for the present to employ the name used by both 
Schweinita and the Tulasnes based on North American collections. 

CoRDYCEPS suBSBssiLis Fetch. 

On larvae of beetles in rotten wood, Cranberry, North Carolina, 1887, 
R. Thaxter (Farlow Herb. 6156); Burbank, Tennessee, Aug. 1896, 
R. Thaxter (Farlow Herb. 6146). 

Fetch (13) described this species from the specimens cited above. 
The material is scanty and gives one the impression of poorly developed 
individuals. Fetch states that it is doubtful whether the species should 
be described as a Cordyceps or a Torrubiella. He states that the 
species have a pseudostalk which may represent strands of mycelium 
bringing the fungus to the surface of the wood where perithecia are 
produced. They are described as free, crowded, narrowly flasknshaped, 
amber, 1-1.5 x 0.33-0.44 mm., containing cylindric asci 240 x 6 m and 
part spores 3-7 x 1 /x. 

Cordyceps Ravenelii Berk. & Curt. 

On larvae of a beetle, Cranberry, N. C., Aug. 1887, R. Thaxter (Far- 
low Herb. 4060) ; Great Smoky Moimtains National Fark, Cades Cove, 
Aug. 18, 1938, A. H. Smith (10327). 

These specimens have brownish-black, club-shaped clavae, 5.6 and 
6.5 cm. long, 1.5 mm. thick, the fertile portion 2-2.5 mm. thick, the 
apices sterile, acute. The perithecia are superficial, free, closely 
grouped on the upper third, broadly ovoid, 400-480 x 300 m* The asci 
are cylindric-clavate, 180-240 x 6-8 /x. The ascospores are cylindric, 
160-190 X 2/x, overlapping somewhat in the asci, multiseptate, the 
cells 22-30 /x long, tardily breaking into one-celled part spores. 

This resembles C. superfictalis in many characters. It differs in 
the more robust development, the darker color, and smaller more 
crowded perithecia. Fetch (11) considers C. Ravenelii a s3rnonym of 
C. acicularie. However, the latter has slender, ochraceous clavae which 
serve to distinguish it, 

Cordyceps supbrficialis Feck. 

On larvae of a beetle, Great Smoky Mountains National Fark, Fight- 
ing Creek Gap, Aug. 22, 1938, A. H. Smith (10401); Highlands, N. C., 
Aug. 21, 1938, A. H. Smith (10396). 
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The clavae of these collections are grayish brown, up to 4.6 cm. long, 
0.6-'1.0 mm. thick. The perithecia are superficial, free, scattered and 
the apices of the clavae are sterile and acuminate. The perithecia are 
broadly ovoid to conic-ovoid, 480-600 x 420-480 /ix, dark brown with 
grayish brown scales. The asci are cylindric, 200-270 x 6-8 n. The 
ascospores are nearly as long as the asci, multiseptate, breaking into 
one-celled, cylindric segments, 16-32 x 1.5-2 fx. 

This species was described by Peck (7) from New York. Seaver 
(14) placed it in synonymy with Cordycepa adcularis. The latter, how- 
ever, has ochraceous clavae, clavate asci, and fusoid ascospores (6). 
It has been reported (5, 6) from New York, Michigan, Massachusetts, 
Connecticut, and Ontario. 

CORDYCEPS MICHIGANBNBIS Mains. 

On larvae of beetles, Cullowhee, N. C., 1887, R. Thaxter (Farlow 
Herb. 6140) ; Great Smoky Mountains National Park, Keener House, 
Aug. 3 and 22, 1938, A. H. Smith (9667, 10397). 

These specimens have several short slender clavae arising from the 
larvae. The clavae are ochraceous-orange, up to 3.6 cm. long, 1 mm. 
thick, the apices sterile and acuminate. The perithecia are superficial, 
free, scattered irregularly over the middle portion of the clavae. The 
asci are cylindric, up to 240 /x long and 6 fi wide. The ascospores are 
filiform, nearly as long as the asci, multiseptate, the cells 20-50 x 
1.6 fij somewhat tardily fragmenting. This species resembles Cordyceps 
adcularis in some respects, the latter differing in fewer, longer clavae, 
clavate asci, and fusoid ascospores. Cordyceps michiganensis has previ- 
ously been reported (5, 6) from Michigan and Ontario. 

Cordyceps variabilis Petch. Plate 20, fig. D. 

On larvae of beetles in rotten logs, Burbank, Tenn,, Aug. 7, 1886, 
R, Thaxter (Farlow Herb. 6144); Great Smoky Mountains National 
Park, A. H. Smith; Indian Creek, Sept. 5, 1937 (7393), Aug, 14, 1938 
10169), Sept. 2, 1938 (10834); Coon’s Cove, Aug. 8, 1938 (9861); 
Alum Cove Trail, Sept. 1, 1938 (10772). 

This species was recently described by Petch (13) from specimens 
from New York, Tennessee, Wisconsin, and Maine. As the name 
implies it is very variable. The specimens listed above have ochraceous 
clavae, 3-8 mm. long, 0.5 mm. thick. The perithecia are in small 
groups on one side of the clavae at various distances below the apices. 
They are superficial, adhering at their bases and sometimes for about 
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biUf their height. The aaci are cylmdrio-fusoid, 200-330 x 6-8 n, and 
the aaooqrares filiform, breaking into cylindrio segments, 6-8 x 1.5-2 n. 

This species shows some resemblance to Cordycepe viperina. The 
latter has its peritheoia embedded in a stroma. 

CoBOTCBPS viPBBiNA Mains 

On the larvae of beetles in rotten logs, Great Smoky Mountains 
National Park, Alum Ck>ve Trail, Aug. 25, 1038, A. H. Smith (10543). 

This species was recently described (6) from specimens collected in 
Nova Scotia, New York, Ontario, and British Honduras. This collec- 
tion has ochraceous-orange clavae, 5-12 mm. long, 0.5 mm. thick. The 
perithecia are embedded in a pulvinate stroma which develops on one 
side of the clava some distance below the apex. The asci are cylindric- 
clavate, 200-250 x 8-10 n, narrowing to 4-6 m at the apex. The as- 
cospores are filiform, multiseptate, early breaking into one-celled cylin- 
dric part spores, 6-8 x 2;u. 

CoBDTCBPS umtATBBALis (Tul.) Sacc. Plate 20, figs. A-C. 

On ants, Cranberry, N. C., Aug. 1887, R. Thaxter (Farlow Herb. 
4057); Cullowhee, N. C., June 15, 1896, R. Thaxter (Farlow Herb. 
6161), June 1887 (Farlow Herb. 6190). 

This interesting species produces clavae var 3 ring considerably in 
length, from a few mm. up to 20 mm. or more. They are very slender, 
black or brownish black, usually arising between the head and thorax. 
The perithecia are produced in pulvinate black stromata which may 
develop at various places along the clavae or occasionally may be 
terminal. Usually only a single stroma is produced although sometimes 
two or more may develop. The perithecia are fusoid-ellipsoid, 276- 
360 X 120-156 entirely embedded in the stroma. The stroma be- 
tween the upper portions of the perithecia is shrunken, giving the sur- 
face a verrucose appearance. The asci are clavate, 160-200 x 8-10 n, 
and the ascospores, cylindiic-fusoid, 132-162 x 2.5-3 n, the ends acumi- 
nate. They are multiseptate, the septa 12-14 p apart, not fragmenting. 

COBDTCEPS MBLOIiANTHAB (Tul.) SaCC. 

On laige white grute of beetles. Great Smoky Mountains National 
Park, A. H. Smith: Laurel Falls Trails, Aug. 8, 1938 (9893); Cades 
Cove, Aug. 16, 1938 (10245). 

Each specimen has a siflgle, pale oehraceous clava. They are ir- 
rqiularly clavate, somewhat furcate, 4.5-5 cm. long, 6 mm. wide below. 
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ei Ja r gt o g above to 12-16 mm. The perithecia are embedded in scat- 
tered irregular patches of stroma on the upper portion of the clavae. 
The asci are fusoid-cylindric, 180-240 x 6-7 m, the ascospores filiform, 
nearly as long as the asci, multiseptate, soon bresMng into cylindric 
segments, 4-6 x 1.6 ti. 

This species has usually been reported as Cordyceps herculea (Schw.) 
Sacc. This name was based on Sphaeria hercvdea Schw. which Lloyd 
(4) has shown is a Gasteromycete Catdoglosaum transversarium (see 
also 6, 12). 

Cordyceps HBStsRi sp. nov. Plate 19, figs. A & B. 

Clava atra, 3 cm. longa, 5-7 mm. crassa; stipite griseo, 2 cm. longo; 
peritheciis fusoideo-ellipsoideis, 780-960 x 360-420 immersis; ascis 
cylindriceis, 300-360 x 6-7 m; ascosporis filiformibus; articulis asco- 
sporarum, 3-4 x 1.5-2 y. 

In Cicada, Great Smoky Mountains National Park, Cades Cove, 
Blount Co., Tenn., Oct. 17, 1937, L. R. Hesler (Herb. Univ. Tenn, 
10939). 

The clava of this specimen is club-shaped, 3 cm. long (4.6 cm. when 
fresh). The stalk is 20 mm. long, 6 mm. thick, gray tinged with olive 
and yellowish at the base. The fertile portion is black and slightly 
thicker, 7 mm. The perithecia are entirely embedded, fusoid-ellipsoid, 
780-960 X 360-420 y. The upper layer of the stroma is made up of dark 
compact hyphae, the lower layer of hyaline, loosely woven hyphae. 
The upper layer in the dried specimen has shrunken and conforms to the 
outlines of the upper portions of the perithecia, giving the stroma a very 
rough appearance. The asci are cylindric, 300-360 x 6-7 y, the asco- 
spores filiform, neariy as long as the asci. The spores break into part- 
spores 3-4 X 1.5-2 y. The t3T)e is deposited in the Herbarium of the 
University of Michigan. 

According to Petch (12) the various species described on Cicada are 
Cordyceps sobolifera. This species differs in a number of respects from 
C. Hesleri. 

Cordyceps hilitabis (L.) Link. 

On pupae of lepidopterous insects. Great Smoky Mountains National 
Park, Aug. and ^pt. 1937 and 1938, A. H. Smith, common; Highlands, 
N. C., Sept. 9, 1937, A. H. Smith (7506). 

This is the most common species of Cordyceps. The orange, club- 
shaped clavae vary considerably in size, i^parently correlated with the 
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8ize of pupae from which they develop. The perithecia at maturity 
are only partially embedded in a soft stroma. The asci are cylindrio, 
400 M or more long, 4 n wide, the ascoiqrareB filiform, nearly as long as 
the asd, multiseptate, the part spores cylindric, 3-6 x 1 /u. 

COBDTCEPB ELONGATA Petch. 

On pupae and larvae of a moth Apatela americana, CuUowhee, N. C., 
R. Thaxter (Farlow Herb. 6277); Burbank, Tenn., Sept. 1887, R. Thax- 
ter (Farlow Herb. 6134) ; Cranberry, N. C., 1887, R. Thaxter (Farlow 
Herb. 6135); Burbank, Tenn., Aug. 1896, R. Thaxter (Farlow Herb. 
3906). 

The clavae are 5-11 cm. long, slender, the stalks 0.5-1. 5 mm. thick, 
light brown, the fertile portions cylindric, terete, 1. 5-3.5 cm. long, 
slightly wider than the stalks, 1. 5-2.5 mm. The stroma between the 
reddish brown perithecia is pale yellow. The clavae often terminate in a 
short, acuminate, sterile apex. The perithecia are embedded except 
for the upper third. They are ovoid, 420-480 x 240-276 m- The asci 
are fusoid-cylindric, 240-300 x 7-8 it, narrowing slightly toward the 
ends. The ascospores are filiform, nearly as long as the asci, 2-2.5 ix 
wide, slightly overlapping in the asci, multiseptate, not breaking into 
part spores. Three of the above collections were cited by Petch (13) in 
his description of the species. He also records a collection from Maine. 
Petch suggests that HirsuteUa gigantea Petch Ls the conidial stage. 

CoRDYCEPS STYLOPHORA Berk. & Br. 

On larvae of beetles in rotten logs, Burbank, Tenn., Aug. 1896, R. 
Thaxter (Farlow Herb. 4055) ; Great Smoky Mountains National Park, 
Alum Cave Trail, Aug. 22 and 26, 1938, A. H. Smith (10544, 11120). 

These collections are immature. The clavae are grayish-brown, fili- 
form to narrowly cylindric, up to 2.5 cm. long, the stipe 0.8 mm. thick, 
the cylindric stromata 1 mm. thick, the apices sterile, up to 5 mm. long, 
acuminate. This species is often collected in various degrees of matur- 
ity. Mature specimens have perithecia entirely embedded, the asci 
cylindric, 180-300 x 7-8 n, the ascospores nearly as long as the asci, 
filiform, breaking into segments 6-10 x 2 This species is Mrly rare. 
It was first collected by Ravenal in South Carolina about 1857 (1). 
The next reported collection was by G. H. Hicks from Michigan in 1892 
(2). Since 1934 it has been reported from Michigan and New York 
( 6 , 6 ). 
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Ck>Bi>YCBF8^iPTBBiQBKA Berk. & Br. Plate 21, figs. A & B. 

On flies, Cranberry, N. C., Aug. 1887, R. Thaxter (Farlow Herb. 4052, 
6086, 6233c, 5077, Rel. Farl. 612) ; Burbank, Tenn., Aug. 1896, R. Thax- 
ter (Farlow Herb. 6192). 

The flies are covered with a yellowish mycelium by which they are 
attached to the substratum. One, two, and sometimes four clavae 
develop. These are 4-6 mm. long, capitate, the head hemispherical or 
turbinate, ochraceous-orange, punctate with brown ostioles, 1.5-2 mm. 
across. The stalks are slender, light buff. The perithecia are entirely 
embedded, directed upward with ostioles on the upper surface of the 
head, narrowly ovoid or fusoid-ovoid, 720-1000 x 240-540 |i. The asci 
are narrowly cylindric, 300-450 x 4-6 n, the ascospores nearly as long as 
the asci, filiform, multiseptate, soon breaking into fusoid segments 
8-12x1.5 At. 

This species has been rarely collected in the United States. There 
is a sterile specimen in the Mycological Collections of the United States 
Bureau of Plant Industry from Mississippi. Collections from Puerto 
Rico, Costa Rica, and Trinidad have been seen. 

CoBDTCBPS SPHECOCEPHALA (Klatzsch) Massee. Plate 21, figs. CAD. 

On mature wasps. Great Smoky Mountains National Park, A. H. 
Smith: Elkmont, Sept. 7, 1937 (7478); Keener House, Aug. 3 and 8, 
1938 (9664, 9938); LeConte, Aug. 17, 1938 (10305) ; Indian Creek, Sept. 
6, 1937, and Aug. 14, 1938 (7399, 10176). 

The clavae are capitate, 2-10 cm. long, the stalks light brown, slender, 
0.5 mm. or less thick, the heads yellow, ovoid or oblong, 2-8 x 1.5-3 mm. 
The dried heads are irregularly longitudinally wrinkled. The perithecia 
are embedded except for the slightly projecting ostioles. The asci are 
cylindric, 240-300 x 5-6 n, the ascospores filiform, nearly as long as the 
asci, multiseptate, breaking into part spores 8-12 x 1.5-2 /t. 

This species has previously been reported from North America only 
from the West Indies. There is also a specimen in the Mycological 
Collection of the United States Bureau of Plant Industry from Florida. 

CoRDYCBPS SmTHn sp. nov. Plate 19, figs. CAD. 

Clavis rubro-bnmneis, 4-5 cm. longis, stipitibus 0.5 mm. crassis, 
capitibus conoideis vel ovoideis 4-5 x 1.5-2 mm.; perithecus immersis, 
ovoideis, 240-260 x 150-160 n; ascis clavatis, 90-120 x 8-10 ju; ascosporis 
fusoideis, 60-100 x 2.5-3 n, multiseptatis. 
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In v«gpiSs, Oreat Smoky Mountains National Park, Keener House, 
Aug. 22, 1938, A. H. Smith (10396). 

This specimen has two davaearisii^ from a wasp. They are reddish- 
brown, capitate, 4-5 cm. long, the stalks 0.5 mm. thick and the conic- 
ovoid heads 4-5 x 1.5-2 mm. The perithecia are embedded in the head 
and are ovoid, 240-280 x 150-160 ft. The asci are clavate, 90-120 x 
8-10 the ascospores fusoid, 60-100 x 2.5-3 acuminate at each end 
and overlapping in the ascus. The spores are obscurely multiseptate 
and are not broken into part spores. The type specimen is deposited 
in the Herbarium of the University of Michigan. 

Fetch (12) in his discussion of the species of Cordycepe infecting bees 
and wasps described only one species with clavate asci and fusoid asco- 
spores, C. Humberti. The latter, however, differs considerably in other 
respects from the above. 


HOST INDEX 


On fungi (Elaphomyces) 

C. capitata, p. 119 
C. intermedia, p. 120 
C. ophioglossoides, p. 119 
On spiders 

C, Thaxteri, p. 120 
On Cicada 

C. Hesleri, p. 126 
On flies 

C. dipterigena, p. 127 
On ants 

C. unilateralis, p. 124 
On wasps 

C. Smithii, p. 127 
C. sphecocephala, p. 127 


On mature moths 

C. Sphingum, p. 121 
On lepidopterous larvae or pupae 
C, elongata, p. 126 
C. militaris, p. 125 
On larvae of beetles 

C. Melolanthae, p. 124 
C. michiganensis, p. 123 
C. Ravenelii, p. 122 
C. stylophora, p. 126 
C. subsessilis, p. 122 
C. superficialis, p. 122 
C. variabilis, p. 123 
C. viperina, p. 124 
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EXPLANATION OF PLATES 
Plate 18 

Fig. A. Cordyceps Thaxteri. Spider showing cottony mass of mycelium and 
clavae with perithecia. X 16. 

Figs. B. A C. Cordyceps Thaxteri. Clavae bearing conidi a. X 16. 

Fig. C. Cordyceps Thaxteri. Perithecia. X 60. 

Plate 19 

Fig. A. Cordyceps Heeler i. Cicada with clava. X 1.8. 

Fig. B. Cordyceps Hesleri. Perithecia in stroma. X 60. 

Fig. C. Cordyceps Smithii. Wasp with two clavae. X 1.6 (Photograph by A. H. 
Smith). 

Fig. D. Cordyceps Smithii. Head with perithecia slightly projecting from the 
stroma. X 20. 


Plate 20 

Fig. A. Cordyceps unilateralis. Ant with clavae, showing lateral stroma. X 4. 
Fig. B. Cordyceps unilateralis. Head of ant with clavae showing terminal stroma. 
X 10. 

Fig. C. Cordyceps unilateralis. Portion of head showing embedded perithecia. 
X 60. 

Fig. D. Cordyceps variabilis. Two clavae with laterally grouped perithecia. 
X 10. 


Plate 21 

Fig. A. Cordyceps dipterigina. Fly with four capitate clavae. X 6. 

Fig. B. Cordyceps dipterigina. Portion of head of clava, showing perithecia. 
X 60. 

Fig. C. Cordyceps sphecocephala. Wasp with capitate clava. X 2. 

Fig. D. Cordyceps sphecocephala. Head showing ostioles of embedded perithecia. 
X 10. 




PLATE 18 





PLATE 20 







A NEW SPECIES OF ELAPHOMYCES FROM THE GREAT 
SMOKY MOUNTAIN NATIONAL PARK^ 

By David H. Linder 
One Text Figure 

Through the kindness of Dr. E. B. Mains of the University of Michi- 
gan, the writer was enabled to study a species of Elaphomycea which 
was collected in the Great Smoky Mountain National Park by Dr. A. H. 
Smith. This species, represented by two fructifications, was parasitized 
by Cordyceps irUermedia Imai. 

The specimens of Elaphomyces are immediately characterized by their 
reddish-purple color, or ^Trussian Red’’ of Ridgway,* and by their small 
dimensions. The specimens are further characterized by the gleba or 
^^capillitium” which although white in a very small area at the very 
center, have outside of the central area a distinctly greenish-blue tinge 
which is made more pronounced when the specimen is wetted either with 
alcohol or water. Under the microscope, the fungus displays character- 
istics which place it in the subgenus Malacoderma Vitt. as recognized by 
Dodge* in his monographic study of the liigher Plectascales, Within 
this subgenus the present specimens, according to descriptions, approach 
most closely to Elaphomyces alropurpure%is Vitt. but a comparison with 
an authentic specimen of E. airopurpureus from Vittadini in the Patouil- 
lard Herbarium shows that there are striking differences in the color and 
important differences in the structure of the peridium, the peridium of 
the Vittadini specimen being somewhat sclerotic and about three times 
as thick as that of the Smoky Mountain material. Furthermore, the 
differences in the peridium become more marked when examined more 
closely under the microscope since the outer layer of the peridium of the 
latter specimens arises from the central layer, is composed of loosely 
interwoven hyphae (Fig. 1, a.) and only becomes densely organized in 

^ Contribution from the Laboratories of Cryptogamic Botany and the Farlow 
Herbarium, Harvard University, No. 172. 

* Ridgway, R. Color Standards and Color Nomenclature, Washington, D. C , 
1912 was used wherever colors are cited within quotation marks. 

* Dodge. C. W., Ann. Myc. 87 (3/4): 145-184, pi. 1-2, 1929. 
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tile immediate vicinity of rootlets that are often included in the outer 
layer of the peridium. Unlike E. atropurpureus, the central layer is 
relatively narrow (Fig. 1, b.) and is only slightly sclerotised, while inside 
this median lasrer, and making up the bulk of the peridium is the inner 
peridium which is composed of large, loosely aggregated, rounded or 
somewhat angular cells (Fig. 1, c.) that are thin-walled and in mass 
“Light Pinkish Cinnamon.” In contrast, then, to the thick hard layer 
to be found in E. atropurpureus, this species possesses a relatively 
slender, three-layered peridium of which the outer is of loosely inter- 
woven purplish hyphae, a thin median layer of almost parallel h3rphae 
in strands that are interwoven and are purplish, and finally an inner 



Figure 1 


peridium of large thin-walled slightly brownish colored cells which give 
this layer, up to 500 p thick, a punky texture. 

Another species which approaches the present one is E. rwpporensis 
Imai which was described from Japan and is the host upon which Cordy- 
ceps intermedia Imai was originally described. Although both the 
Smoky Mountain and the Japanese species of Elaphomyces are parasit- 
ized by the same species of Cordyceps and there is a resemblance between 
the two, they nevertheless are quite distinct. Grossly they differ in siae, 
the American material being much smaller than the majority of the 
fructifications of the Japanese material, and the color more brilliant. 
Microscopically the two are quite distinct since the peridium of E. nop- 
porensis, althou^ relatively thin, is thicker than that of our material 
and, furthermore, the spores are larger, measuring (13.5)-15-16.5 m in 
diameter, are considerably darker in color so that under the microscope 
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they appear a very deep chestnut color and the surfacd is densely and 
relatively even ornamented with close reticulations which frequently 
are broken into irregular, somewhat flattened, short, tooth-like echinula- 
tions. The spores erf the Smoky Mountain material contrast with the 
others by their smaller dimensions, (6.6)-7.5-9 n, their lighter color 
which is seldom darker than yellowish brown under the microscope, and, 
in spite of the fact that the spores are smaller than are those of E. nop- 
porenns, the reticulations are approximately three or four times as coarse 
and the ridges or teeth, as the case may be, are nearly twice as long. 

In view of the marked characteristics exhibited by this fungus, the 
writer considers it to be new to science and designates it as Elaphomyce$ 
appahehierms. 

Elai^omyces appalachiensiB Linder sp. nov. 

Fructificationes depresso-globosae, usque 6x5 mm. metientes; 
peridio extemo “Prussian Red,” hyphis 3-5 m diametro, purpureis, 
laxe intertextis constante; peridio memo purpureo, hyphis subparallelis 
compactis plusminusve induratis et in funiculis intertextis, 126-140 /s 
crasso; peridio intemo 300-500 m crasso, “Light Cinnamon Buff,” 
cellularum cum parietibus tenuibus composite, celluUs magnitudine 
variabilibus, buUatis vel pressu mutuo angulatis; gleba laxe gossypina, 
“Pearl Gray” siccata vel “Castor Gray” humecta; sporis sphaerids 
(6.5) -7.5-0 M diametro^ subhyalinis vel flavo-brunneis, subreticulatis 
vel reticulato-echiniilstis. 

Fructifications small, up to 6 x 5 mm., depressed globose, externally 
“Prussian Red.” The ^ridium differentiated into three lasrers;— 
the outer peridium felty and composed of loosely interwoven hyphae 
which are 3-5 ju in diameter and purplish in color, derived from the 
middle peridium of purplish hyphae compacted in parallel strands 
which are closely interwoven to form a corneous prosenchjmoatous 
tissue 120-140 M thick; and the inner peridium, “Light Pinkish Cinna- 
mon” composed of thin-walled bullate or angular to loosely aggregated 
pseudoparenchymatous cells which are dilute brown. The gleba or 
“capillitium” is white in the center to “Pearl Gray” when dry or “Cas- 
tor Gray” when wet. The ascospores are bluish in mass, appearing 
hyaline or dilute yellowish brown under the microscope, globose, (6.6)- 
7.5-9 p in diameter, subreticulate to reticulate-ecbinulate. 

Cades Cove, Great Smoky Mountain National Park, Tennessee, 
August 18, 1938, A. H. Smith, 10,SS4, parasitised by Cordycepa inters 
media Imai. TYPE in the Farlow Herbarium of Harvard University and 
in the herbarium of the University of Michigan. 



THE IDENTITY OF CERTAIN SPECIES OF THE 
SAPROLEGNIACEAE PARASITIC TO FISH‘ » 

By Wesley N. Tiffney* 

Although fungi parasitic to fish have been recognized since 1777 (cf. 
the excellent review by Ramsbottom, 29) and during the last 75 years 
there have been frequent reports from many parts of the world of such 
parasitic Saprolegniaceae, the exact identification of many of the species 
listed is doubtful. This is particularly true of such reports as that of 
Huxley (18) wherein the organism observed as a parasite of salmon was 
stated to be either Saprokgnia tondosa or S. ferax, or that of Clinton (6) 
who identified his fungus as either S. mixta or S. ferax. There have been 
many other cases of doubtful identification. In some reports not only 
were adequate descriptions and illustrations of the fungi lacking, but 
also the identifications, when made, were apparently without adequate 
basis, since in some instances, for example, the authors recorded the 
observation of zoSsporangia and chlamydospores only and yet identified 
the fungi in question as species typically forming sexual organs on which 
their specific identity was based. More important yet, many authors 
have failed to recognize the need for single spore isolations to eliminate 
chance contaminants and saprophytes, as well as the need for inocula- 
tion experiments to verify the pathogenicity of the fungi they have 
reported as parasites. It is weU known that a variety of Saprolegnia- 
ceous fungi may be isolated from almost any fresh water in nature, and 
the dead tissue around a fish’s wound furnishes an admirable substratum 
for growth. Therefore in reporting a fungus as parasitic it is highly 
desirable to ascertain whether that fungus really does act as a parasite. 

* Contribution from the Laboratories of Cryptogamic Botany and the Farlow 
Herbarium, Harvard University no. 158. 

* A portion of a thesis presented to the Faculty of Harvard University in 
partial fulfillment of the requirements for the degree of Doctor of Philosophy. 

* The writer wishes to acknowledge his indebtedness to Professor William H. 
Weston, Jr., under whose direction this work was done, for his invaluable assist- 
ance, and to Doctor David H. Linder who gave many helpful suggestions during 
the course of the investigation.' The writer is also indebted to many friends in 
the laboratory who aided him in collecting. 
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The taxonomy of these fungi is further confused by the fact that the 
range of variation of critical structures in some of the most common 
pathogens is not well understood, a situation which leads to the descrip- 
tion of new species or varieties that upon more exact study are shown to 
be untenable. 

The desirability of establishing with greater certainty tihe identity of 
the Saprolegniaceae parasitic to fish seems self-evident. The subject 
of parasitism is of considerable interest to biologists, and in addition 
these fungi are of considerable importance to fresh-water fisheries, for 
they are a constant possible source of difficulty in the artificial propaga- 
tion of fish and under favorable conditions may even cause serious 
epidemics. Although the problem of parasitism in this group has 
received considerable attention, the difficulty of applying the work of 
others to the writer’s findings is immediately apparent because of the 
uncertainty of identifications encountered. Therefore in connection 
with his investigations the writer found a study of the identity of the 
organisms involved to be of fundamental importance. 

Since the object of this investigation was to study the taxonomy of the 
parasitic members of the Saprolegniaceae, it was desirable first, to collect 
from diseased animals as many strains of fungi as possible; second, to 
isolate single strains in pure cultures; third, to prove that these strains 
were capable of parasitizing animals; and finally, to study them taxo- 
nomically and compare them with the species described in the literature. 

UATBRIALS AND METHODS 

Fungi were collected from the following sources: ponds and streams 
in and around greater Boston, South Weymouth, and Falmouth, 
Massachusetts, Guilford, Connecticut, and Rindge, New Hampshire, 
and aquaria in the laboratories of Harvard University, Cambridge, 
Massachusetts. Fungi were collected in the field during every month 
in the year wlien the water was not frozen, and several collections were 
made during the winter from fish in laboratory tanks supplied with 
running tap water. The hosts from which the fungi were collected 
belonged to three classes of vertebrates, Pisces (various fish), Amphibia 
(newts, young and adult frogs) and Reptilia (txuiiles). 

The fungi were isolated only from diseased animals which were still 
living in order to avoid the inclusion of purely saprophytic strains. This 
precaution has not alwa3rs been observed by students of parasitic fungi, 
an omisfflon which has in some cases cast doubt on the validity of other- 
wise signfficant results. In the present study, considering the diverse 
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oharaotw of the hosts and the widely different environments in which 
they were found, as well as tlie three years over which collections were 
made, it seems justifiable to assume that the fungi collected comprise a 
fair representation of the parasitic members of the Saprolegniaoeae in 
this region. 

All strains were obtmned in culture by transferring a tuft of fungus 
from the living animal to sterile water containing sterile hemp seed, for 
although parasitic the fungi grew readily as siQ>rophytes on such sub- 
strata. The fungi in these gross cultures were then isolated from other 
filamentous fungi and freed from bacteria as much as possible by means 
of repeated washings and transfers in sterile water. The resultant sub- 
cultures, which were maintained on hemp seed in sterilised water, were 
apparently normal and vigorous and in no way different from those 
found in nature. In this way 128 isolations of pathogenic members of 
the Saprolegniaoeae were made from diseaseMl aquatic animals in 
southern New England. 

A preliminary study showed that the 128 strains of parasitic fungi 
isolated belonged to three genera of the Saprolegniaoeae, Saprolegnia, 
Achlya, and Didyuchus. The genus Saprolegnia contained by far the 
greatest number for it included 124 of the strains collected; of these 122 
lacked sexual organs and therefore might be assigned to S, parasitica 
Coker, while the other two had sexual organs whose characteristics 
placed th^ in the species S. ferax (Gruith.) Thuret. Achlya was 
represented by 3 strains, 2 of which were identified as A. flagellata 
Coker, while the third, which lacked sexual reproduction, was called 
for the time simply Addya sp. The one member of Dictyuchus which 
was isolated also lacked sexual organs and was designated temporarily 
Dktyuchiu sp. 

The figures above show the remarkable frequency with which Sap- 
rolegnia parasUica was encountered. The data obtained in the course 
of these collections indicate that it is by far the most common and 
consequently the most serious Saprolegniaceous parasite of aquatic 
animals in this region, hence intensive study of this species seemed 
especially necessary. The 122 strains of S. parasitica were carefully 
studied and compared and it was found that 66 of them agreed with 
Cokfflr’s type species in every detail. The other 56 isolations were 
found to differ in various respects although they still might be considered 
to be within the concept of the species. Comparison of these 56 strains 
showed that they could be divided according to their morphological 
characteristics into 7 groups, each containing several strains. Since 
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the strains in any group were apparently identical in every respect, 
an intensive study of t^em all seemed unnespessary, therefore one strain 
from each group was chosen for further study and material of each of the 
other strams was preserved for reference. 

The strains to receive further study were immediately isolated in pure 
culture. This involved eliminating the ever-present bacteria and was 
accomplished by two methods, the first that of repeated washing and 
transfer as adapted from the methods of Klebs (iM), Kauffman (21), 
Horn (16), and Pieters (27); the second that of ultra-violet irradiation 
of culture media as described by Blank and Tiffney (3). The second 
method was employed almost exclusively in the latter part of the work. 
After the fungi had been freed from bacteria, single spore isolations were 
made by means of the technique of repeated washing and spra 3 ring out- 
lined by Weston (36). The strains derived from single spores were kept 
in stock cultures. 

Since this work was an investigation of the parasitic members of the 
Saprolegniaceae, especial care was taken to verify the pathogenicity of 
the strains investigated by following the classic principles of Koch. 
The fungi had been obtained from living animals with the characteristic 
symptoms of fish mold disease and had been isolated in pure culture, 
thus fulfilling the first two postulates of Koch. Each strain of fungus 
was then used to inoculate healthy fish under controlled conditions and 
was found to parasitize the fish, producing the typical symptoms of fish 
mold infection and in many cases death.^ Each strain was reisolated 
from the diseased fish and obtained in pure culture and its identity with 
the strain which had been used in inoculation was then verified, thus 
fulfilling the remaining postulates of Koch. By following this procedure 
the writer was able to eliminate any doubt about the pathogenicity of the 
strains which were the subjects of the taxonomic studies which follow. 

For the purpose of comparative studies the fungi were grown at room 
temperature on hemp seed in sterilized pond water since it was found 
that this method of culture produced abundant and typical structures 
similar to those found in nature. Morphological studies were made on 
large amounts of representative living material derived from single 
spores. Care was taken to avoid the inclusion of atypical structures due 
to poor or congested conditions of growth, excessive age of cultures, and 
similar unfavorable factors. Comparative studies were made both of 
the qualitative morphologic features and of the sizes of vegetative 

* A detailed description of the technique used in inoculating fish will be given 
in a future paper dealing with the host range of Saprolegnia parasiiica. 
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hypbae, sodeporangia, so&spores, chlamydospores, odgotua, odspores, 
and antheridia, aa well as the presence and relative abundance of these 
structures. Since genera in this family are distinguished on the non- 
aexual apparatus and species primarily on the sexual oigans, all the data 
from these comparative studies were none too adequate for identifying 
these fungi by means of such authoritative monographs as Humphrey 
(17), Fischer (12), von Minden (26), Coker (7), Nagai (26) and Lund 
(24). 

COMPARATTVB STUDISS 

1, Saprolegnta 

Saprclegnia is by far the most important genus of the filamentous fungi 
capable of parasitizing aquatic animals. In the literature 5 species of 
this genus, S. ferax, 8. tondoaa, S. monoica, S. mixta and S. parasitica 
(reported also as Isoachlya parasitica), and one variety, Saprokgnia 
parasitica var. Kochhari, have been reported as parasitic. Saprolegnia 
ferax and 8 . parasitica, both of which have been reported many times, 
are the important pathogens of the group, while the other three species 
are considerably less important since each has been reported only once. 
In fact, the inclusion of 8. toruloaa de Bary as a parasite may be ques- 
tioned, for Huxley (18), who reported it, stated that the organism which 
he observed on salmon was either 8. tonilosa or 8. ferax. The same is 
true of 8. mixta de Bary for Clinton (6), author of the sole report, identi- 
fied his parasitic fungus as either 8. mixta or jS. ferax. Saprolegnia 
monoica Pringsheim was reported once as a parasite, by Walentowicz 
(36), who described an epidemic among carp in Galicia, Poland, and 
stated that 8. monoica was found on the fish in conjunction with Achlya 
Nowickii. 

Saprolegnia ferax (Gruith.) Thuret is a recognized pathogen for it has 
been reported as parasitic by at least nine authors: Agersborg (1), 
Smith (32), Clinton (6), Hardy (13), Hxixley (18), Stirling (33), Blanc 
(2), Schnetzler (31), and Collins (9). By the present writer two strains 
of this species were isolated, one from Chelydra serpentina and one frojn 
Necturus macidosus. Both were proved to be pathogenic by inoculation 
experiments and both formed sexual organs when grown on hemp seed 
in water cultures, bearing the typical odgonia and odspores of the species. 
The identity of these two strains seems clear. Since 8 . ferax is a definite 
i!f)ecies which has been well described by Coker (7), Lund (24), and 
'vittbers it is not necessary to describe it here. 

It is of interest to note, however, that the form obtained from Necturus 
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did not revefd it^-identity for a considerable period after its isolation. 
During this period it was tentatively ascagned to 8. parantiea because 
of a very close resemblance to that species, particularly in the n umb er 
and appearance of the chlamydospores and the diameter of the cysto- 
spores (the encysted zodspores). In 8 . paraaUica Coker the cystospores 
are described as ranging from 9 /< to 13 ^ with an average diameter of 
10 ft, while in the form under consideration the cjrstospores ranged from 
9 M to 14 M, with the greatest number having a diameter of 11 n. How- 
ever in regard to the type of zodsporangial renewal there was a marked 
discrepancy since in the writer’s form renewal was accomidished usually 
by proliferation through the old sporangium and only occasionally by 
cymose branching, while in 8. parasitica cymose branching was the 
predominant method. Although at first this difference might appear 
to be an important one the method of zodsporangial renewal will be 
shown to be of questionable diagnostic value in 8. parasitica and hence 
not to be given too great significance here. When the form from 
Necturus was finally induced to fruit by growing it on a whole hemp 
seed with the seed coat punctured by only one small pin prick, a method 
used successfully by other authors, the characteristics of its sexual organs 
showed it to be 8. ferax. 

Saprolegnia parasitica Coker is probably the most common Sapro- 
legniaceous parasite of aquatic animals. The species was established 
by Coker in 1923 to include the frequently encountered parasitic mem- 
bers of the genus, which, lackmg sexual organs, could not correctly be 
identified with any of the species then described. The new species was 
distinguished chiefly by the facts that it was a parasite, that it did not 
form sexual organs but reproduced solely by asexual means, and that it 
often accomplished zodsporangial renewal by cymose branching as well 
as by proliferation through the old sporangium. Since its description 
the species has been collected by many authors. In the writer’s isola- 
tions 8. parasitica was the form most frequently secured, since 122 of the 
128 strains isolated were identified as this species. From the remark- 
able predominance of this species it is reasonable to suppose that the 
sterite parasitic strains frequently mentioned in the literature and 
ascribed to various sexual specie may have been the form now known as 
8. parasUiea. Furthermore the occurrence of this species over an 
extremely wide geographical range, as indicated by the reports from 
North CWolina by Coker (7), from Bohemia by Cejp (4), from Japan by 
Nagal (26), from Denmark by Lund (24), and from India by Chaudhuri 
and Kochhar (5), as well as the remarkable frequency with which it 
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ha8 been shown to occur in a restricted locality (the writer’s collections 
in southern New Ehigland), indicates its prevalence and ubiquity. Its 
economic importance and the reason for the volume of literature on the 
subject are apparent if one adds that the fungus appears on a wide 
variety of hosts during every month of the year and under favorable 
conditions may cause destructive epidemics. 

Saprdegnia parasiiica was isolated by the writer from members of 
three vertebrate classes, Pisces, Amphibia, and Reptilia. The following 
species were found as hosts:* Fundtdus heteroditiLSf Craasius auraivSy 
Eupomotia gtbboaus, Perea fiaveacena, Ameiurua sp., Erimyzon sp., 
Necturua macidoatia, TrUurua virideacena, Rana pipienay and Chryaemya 
concinna. The fungi were collected throughout the year under a 
variety of natural and artificial conditions. As has been stated pre- 
viously the 122 strains collected were cultured, purified and divided 
into 8 groups, each containing a number of apparently identical strains; 
one strain from each group was chosen as its representative. (The 
first group was represented by a subculture of the type culture of S. 
parasitica Coker which was deposited by Coker in the Centraalbureau 
voor Schinunelcultures, Baam, Holland.) These 8 representative 
strains showed distinct differences even upon superficial examination 
although they all possessed the characteristics of sterility and patho- 
genicity typical of S. parasitica. The differences they exhibited, 
however, emphasised the desirability of comparative studies to deter- 
mine the range of variation possible within the species. 

Since sexual organs were lacking in these strains it was necessary to 
resort to studies of their asexual reproductive structures and vegetative 
growth. Comparisons were made of the qualitative morphological 
features and sizes of the vegetative h3rphae, zoosporangia, zodspores, 
and chlamydospores. In general the strains showed no essential varia- 
tions in qualitative characteristics and it was necessary to make measure- 
ments of various structures in order to demonstrate their differences. 
The results of these measurements, which are given in Table I, are in 
every case based on at least 100 observations and are presented in the 
form ‘11^22-^8” in which the first and last numbers represent the 
extremes observed and the middle number represents the measurement 
obtained most frequently. These figures represent random selection 
from a large quantity of living material grown and studied under similar 
^conditions, as described previously. The total diameter of growth was 

* Tsleostei determined from Jordan and Evermann (19) ; Amphibia and Rep- 
tilia from Pratt (28), and Ditmars (11). 
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determined by nteasuring the mature seven-day colonies grown on hemp 
seed in water. To determine comparative sizes of zodspores the cysto- 
spore stages were measured because they were stationary and spherical, 
whereas the primary and secondary swarming stages were motile and 
comparatively irregular in shape. Such features as the method of 
zodsporangial renewal and the shape and arrangement of chlamydo- 
spores were determined by the examination of large amoimts of repre- 
sentative material. 

The significant results of these studies on the 7 representative strains 
of S. parasitica isolated by the writer and on a subculture of Coker’s 
type culture of the species, for comparison, are presented in Table I. 
The writer wishes to emphasize the fact that these measurements are 
not in any sense intended as an exact quantitative analysis of the 
features involved, but merely as a convenient and definite way of 
comparing their sizes. 

The vegetative hjrphae of all strains were essentially alike in qualita- 
tive characteristics, but they did exhibit some differences in size as the 
measurements of the first three characters listed in Table I will show. 
The total diameter of colony growth on hemp seed (which is of course an 
expression of hyphal length) varied slightly in the different strains but 
the range of variation was so small that it seemed to have no significance 
for the purposes of this study. Considerably greater variation was 
found in the diameter of the hyphae at the base and at the tip, the 
dimensions being twice as large in some strains as in others. Another 
feature which is not listed in the table but which was evident upon 
observation of the fungi was the tapering shape characteristic of the 
hyphae of some strains. Strain 3, in which the hyphae were most 
frequently 40 p in diameter at the base and 9 m in diameter at the tip, 
had the most conspicuously tapering hyphae, while Strain 1 (Coker’s 
type culture) and Strain 11, in both of which the diameter of the base of 
a hypha was in general only 4 p greater than the diameter of its tip, had 
h}rphae that did not taper, and the other 5 strains formed a transitional 
series between these two extremes. 

The differences in vegetative growth discussed above have no apparent 
diagnostic significance, however, for a survey shows that although the 
fungi can be arranged in a series on the basis of any one of the above 
characters, the arrangement is different for each character and there is 
no evident correlation between them. It would seem therefore that the 
slight differences exhibited in the vegetative growth of these strains 
have no diagnostic value. 



TABLE I 

Comparative Morphological Studies of Strains of Saprdlegnia paraoitUsa 
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Oae would ei^eot to find more definite and constant characteristics 
upon studying the soOsporangia, espedally since the methods of fonna- 
tioB and discharge of these structures are of considerable importance 
in the classification of the Saprolegnisceae. In the species under 
consideration Chaudhuri and Kochhar (5) have made a difference in 
zodsporangial length the distinguishing characteristic of a new variety, 
8. parasiiiea var. Kochhari, while Nagai (26) has even transferred 8. 
paraaiHea to another genus, leoacKlya, because of one of its methods of 
zodsporangial renewal. A comparative study of the characteristics of 
the zodsporangia of Coker’s t3rpe culture of the species and the 7 strains 
collected by the writer would therefore seem to be of considerable 
interest. 

No significant differences in the shapes of the zodsporangia of the 8 
strains were noted. They all exhibited some irregularity in shape at 
times, a feature of this species which has been observed by Coker (7), 
Lund (24), and others, but there was nothing which would serve to dis- 
tinguish one strain from another. 

However, the 8 strains did display marked differences in the sizes of 
zodsporangia, and the results of measurements of their lengths and 
widths are presented in the table. The zodsporangia of the 8 strains 
ranged in length from a minimum of 70 n in Strain 3 to a maximum of 
893 fi in Strain 12. This is a maximum range greater than any that 
has yet been set for this species. However, if the 8 strains are arranged 
according to their sporangial lengths as shown below it will be evident 
that the measurements overlap markedly and form a continuous series 
with no conspicuous gaps. 


B PARAOlTlCA'-aTBAIN 

MxniBaB 

UBNOTEft OF lOOaPOBAKGIA XN 

Minimum 

Mott frequent 

Mwdmum 

3 

70 

108 

160 

16 

98 

160 

• 220 

11 

95 

185 

338 

4 

118 

205 

262 

8 

155 

231 

440 

1 (Ckiker’s type) 

135 

260 

469 

12 

247 

407 

893 

6 

250 

465 

775 


If an investigator were to collect a culture like Strain 3 and another 
like Strain 12 without seeing the intervening types it would be quite 
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poarible for him to assume that he had two different varieties of the 
same species. On the oth4r hand, a series such as the one above in 
which the measuremmits overlap as they do presents an entirely different 
picture. The writer believes himself justified in amuming that he is 
deiding with one species whose range of variation upon intensive study 
has appeared to be much greater tban the original descriptions would 
lead him to believe. It is his contention that this range of variation 
is not a sufficient basis for the establishment of new varieties, but rather 
should be considered as an extension of the present range of variation 
within the species. 

In 1935 Chaudhuri and Kochhar (5) in a survey of the water molds 
of India established a new variety, S. parasitica var. Kochhari Chaud- 
huri, on the basis of zodsporangial length. These authors described 
the length of S. parasitica Coker as ranging between 280 n and 560 u, 
while the length of the new variety of Chaudhuri was stated to be 
400 It to 600 It, a range much more restricted than any the present writer 
has found in the forms he has studied. According to the evidence 
presented above the range of zodsporangial length in S. parasitica 
should be extended to include forms ranging from 70 to 893 it . Conse- 
quently it is the writer’s opinion that the variety S. parasitica var. 
Kochhari Chaudhuri has been established on an inadequate basis. 

Zodsporangial width was found to vary in proportion to length, for 
the width was in general from 5% to 15% of the length. Therefore the 
arrangement of strains as presented on zodsporangial length would also 
hold to an equal degree for zodsporangial width. 

The method of zodsporangial renewal, whether by growth through the 
old sporangium or by c3nmose branching from below the base of the old 
sporangium, is often considered an important feature in the classifica- 
tion of Saprolegniaceous fungi. One of the distinguishing character- 
istics of the species S. parasitica is that it shows cymose branching, “very 
often proliferating from the side below as in Achlya” (Coker, 7, p. 58). 
Kauffman (22) gave even greater weight to this character, for in 1921 
he made it the chief basis for the formation of the genus Isoachlya, say- 
ing, “The genus is characterized and distinguished, in the main, by the 
presence of the cymose or Achlya mode of formation of secondary 
sporangia, coupled with* diplanetic zodspores” (Kauffman, 22, p. 231). 
Coker recognized the genus Isoachlya but nevertheless did not place 
Saprolegnia parasitica in it when he described this species two years 
later. Subsequently Nagai (26) and Lund (24) both pointed out that 
according to the definitions of the genus and the species, S. parasitica 
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Coker should be|)laced in laoachlya and made this change, calling 
the organism I. parasitica (Coker) Nagw. Coker (8), however, in the 
North American Flora still retains the species in the genus Saprdegnia. 

In the course of the writer's studies, however, this character proved 
to be of less diagnostic value than might be exi>ected, as an examination 
of the data presented in Table I will show. In Coker’s type culture 
(Strain 1) and Strains 4, 6 , and 11 zodsporangial renewal was generally 
accomplished (in 80% to approximately 100% of the cases) by cymose 
branching and rarely (in 20% to almost none of the cases) by growth 
through the empty sporangium. In Strain 8 cymose branching was 
somewhat less frequent, including approximately 70% of the cases. In 
Strain 12 renewal was effected about equally by the two methods. In 
Strain 3 only about 30% of the renewal was accomplished by cymose 
branching, while growth through the old sporangium was (iie predomi- 
nant method. In Strain 16 C 3 rmose branching was rare and renewal 
was accomplished almost wholly (85% to almost 100%) by proliferation 
through the old sporangium. It will be seen that the 8 strains formed a 
transitional series from one extreme, in which renewal was effected 
almost completely by cymose branching, to the other, in which it was 
accomplished almost completely by growth through the old sporangium, 
with intergrading forms between. As has been stated before, the writer 
found no valid reason for excluding any of the strains studied from the 
species S. parasitica; consequently he believes that the data presented 
above indicate that the limits of this species should be extended to 
include those forms in which cymose branching is not necessarily the 
predominant mode of zodsporangial renewal. 

In view of the facts presented above the writer sees no necessity for 
transferring S. parasitica to the genus Isoachlya. As these studies show, 
the AcAlya-like cymose branching is not a conspicuous feature of all 
strains of the species. Moreover, cymose branching as one method of 
zodsporangial renewal is an accepted feature in several species of Sapro- 
legnia, i.e., S.ferax (Qruith.) Thuret, S. asterophora de Bary, S. spiraMs 
Cornu, S. didina Humphrey, S. anisospora de Bary and others (Coker 
7). To the writer, therefore, it seems preferable to retain S. parasitica 
in its original genus. 

Furthermore, it seems fitting to inquire at this point whether the 
method of renewal of zodsporangia, which may vary to a marked degree 
within the confines of one species, is a valid character upon which to base 
generic distinctions. An exact study of several members of the genera 
involved is highly desirable and should do much to clarify the situation. 
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for it seems probable that greater signiftoance has been attributed to i^e 
mode of sodqwraagiai renewal in certain forms iban the present knowl- 
edge of this character and the amount of exact study devoted to it would 
warrant. 

In the method of discharge of sodspores no significant differences 
between the 8 strains were noted. Occasional irregularities occurred, 
particularly when conditions had become somewhat unfavorable, but 
this is a recognised occurrence and has no importance for the purposes 
of this study. Upon discharge the spores swarmed about, at length 
omning to rest as spherical cystospores, from which the secondary spores 
later escaped and swam about in the manner typical of the genus 
Saprdegnia. In a few instances spores were observed to go through 
repeated swarming periods. This phenomenon has been observed by 
other writers (Weston, 36, Hdhnk, 15). 

Comparative sixes of the zoospores were determined by measuring the 
cystospores, since they were stationary and spherical and th^fore could 
be measured with more accuracy than the active swimming spores. 
Little variation was shown in cystospore size, as may be seen from 
Table I. The cystospores of 7 of the strains closely approximated one 
another, ranging from 8 m to 14 m in diameter, being most frequently 
10 to 11 /i. Only Strain 16 showed some difference, having cystospores 
that rmiged from 6 to 10 ^ in diameter, being most frequently 8 ii. 

Chlamydospores or resting bodies, while one of the most noticeable 
features of these fungi in culture, were disappointing as sources of 
diagnostic characters. Some slight differences between the various 
str ai ns were observed in the abundance and position of these bodies. 
They were sparse in Strains 4 and 16, moderately abundant in Strain 12 
and abtmdant in the 5 other strains. In addition. Strains 4 and 16 
lacked the cymosely branching chains of chlamydospores that were 
present occasionally in Strain 12 and frequently in the other strains. 
These difference, while interesting, are hardly marked enough to justify 
much significance being given them, especially since they show no 
correlation with the various characteristics previously decribed. 

None of the strains formed sexual organs under any conditions, con- 
sequently comparative studies were limited to the asexual features dis- 
cussed above. 

It is interesting to note that Kanouse (20) has reported a case which 
seems to be parallel with the findings of the writer in some respects. 
Her oi^pmism, isolated frobu fish eggs and identified as S. parasUica, 
althou^ ts^pically asexual did respond to certain salt solutions and 
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produced fruitipK bodies. One of the writer’s forms, which was isolated 
from Necturua aiid appeared to be Saprolegnia parcmtica failed to fruit 
in the same salt solutions described by Kanouse, but did fruit finally 
when grown on hemp seed, and was identified as S. ferax. Both forms 
in their asexual stages agreed with Coker’s description of 8. parasitica 
and both upon fruiting exhibited the characteristics of two entirely 
different species. It seems to the writer that these cases are indicative 
of the possibility of a curious situation in 8. parasitica, namely, that 
this “species,” defined on asexual characters, may in reality be composed 
of forms of heterogeneous origin which, if they could be induced to fruit, 
might be found to belong to several different species within the genus 
8aprolegnia. 

Since the individual significance of each of the writer’s findings has 
been discussed in the foregoing pages there is no need for repetition here. 
Taken as a whole these studies lead to the conclusion that while 8apro- 
legnia parasitica shows considerable variation in its characteristics there 
is nevertheless no valid ground for dividing it into more than one species, 
and therefore the writer believes that for the present these findings 
should be interpreted only as extending the range of variation possible 
within the species. The rather unsatisfactory nature of this conclusion 
iUustrates clearly the difficulty of defining a species on asexual characters 
alone. 

The results of these studies lead one to speculate on the nature of the 
species 8. parasitica. It may be that, like certain members of Dictyvchus 
studied by Couch (10), these sterile strains of 8apr6legnia are in reality 
segregated unisexual strains which when combined with complementary 
strains should result in sexual reproduction. On the other hand, it is 
possible that these fungi, which do not reproduce sexually under the 
usual cultural conditions, may be induced to fruit when the proper 
combination of environmental factors is found. Finally, if neither of 
these suppositions can be demonstrated we shall be forced for the present 
to conclude that the organism is a species which under ordinary condi- 
tions has lost the power of sexual reproduction. For the present it 
seems best to consider Saprolegnia parasitica a species of convenience, 
and it should be treated as such until further studies have demonstrated 
its exact nature. 


g, Achlya 

The genus Achlya contains four species which have been reported as 
parasitic, the identity of which is unquestioned since in every case the 
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fungus formed sexual organs which permitted accurate identification, 
Achlya proUfera (Nees) de Bary appears most often in the literature, for 
it has been reported by Bobm (30), Schnetzler (31), and Blanc (2), 
Achlya racemoaa Hildebrand was observed as a parasite by Humphrey 
(17) and by Hine (14) who also reported A. polyandra Hildebrand. It 
mi|^t be noted that none of these three species was observed on more 
than a few individual hosts, and none was demonstrated to be pathogenic 
by inoculation experiments. 

Achlya ftageUaia Coker was found as a parasite by Tiffney and Wolf 
(34) in Massachusetts and Wisconsin, respectively. Wolf observed a 
serious epidemic among trout in a Wisconsin fish hatchery; A. flageUata 
was found to be the cause of the epidemic and no other fungi were in- 
volved. The present writer report^ two isolations of this species from 
diseased animals, one from TrUwrm virideacens on which the fungus 
occurred in conjunction with Saprolegnia paraaiticay and one from 
Lebiatea rdicvlalua. The second strain was used to inoculate Fundvlua 
heteroditua and was shown to act as a wound parasite. 

In addition, the writer succeeded in isolating a sterile strain of Achlya 
from the outer portion of the shell erf Chelydra aerpentina where it was 
associated with Saprolegnia ferax. Inoculation experiments showed 
this strain, like the A. flageUata mentioned above, to be capable of a 
parasitic existence only if the host’s resistance had been lowered by 
severe injury, a fact which places it in the category of wound parasites. 
This sterile Achlya was maintained in culture for approximately a year 
and a half, and during that time was subjected to a variety of environ- 
mental conditions but could not be induced to fruit. Since this organ- 
ism, being non^^exual, cannot with certainty be referred to a recognized 
species it seems desirable to include a brief description of it here. 

Achlya sp. 

Growth comparatively slow, requiring 7 days or more to reach its 
greatest extent; mature colony 6-16 mm. in diameter on hemp seed; 
hyphae 30-70 m in diameter at the base, tapering to 20-27 m at the tip; 
zoOsporangia numerous, 200-420 m iu len^h and renewed by repeat^ 
cymose branching; c^tospores 10-12 m in diameter; chlamydospores 
spherical to clavate, single or in chains, occasionally reaching a diameter 
of 100 ii or more. 

This genus has not, heretofore, been considered particularly important 
as a paraedte of aquatic animals, but it seems probable, especially in view 
of the serious epidemic reported by Wolf (Tiffney and Wolf, 34), that 
future observations may disclose the genus to be more important in this 
respect than has been supposed. 
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\ S, Dietyiichus 

The genus DidyuchiMy as far as the writer is aware, contains no species 
which have been reported as parasitic to animals. 

One form belonging to this genus was isolated by the writer from a 
living Triturus viridescena. Inoculation experiments showed the fungus 
to be a parasite, but like the species of Achlya previously described it 
could be classed only as a wound parasite. This organism never formed 
sexual fruiting bodies although it was subjected to a variety of cultural 
conditions over a period of ten months. In view of the findings of Couch 
(10) it seems probable that this form is a member of the species Didy- 
uchm monosporuB Leitgeb. 

From the foregoing report it is apparent that the writer found Sapro- 
legnia to be far the most important genus of the fungi parasitic to fish, 
since it was so frequently isolated. Achlya was found to be considerably 
less important and Dictyuchus of no real importance in this respect. 
This survey, by reason of the time devoted to it and the area covered, 
probably gives a reliable index to the situation in New England. It 
would be most interesting to have similar surveys from other regions for 
purposes of comparison. 


SUMMARY 

128 strains of Saprolegniaceae were isolated in southern New England 
from living diseased aquatic animals. 

The representative strains of fungi which received intensive study 
were isolated in pure culture as single spore strains and proved to be 
pathogenic by inoculation experiments. 

2 strains of Saprolegnia ferax were obtained. One of them, which in 
its asexual stage closely resembled S, parasiticaf was induced to fruit 
only by special cultural methods. 

122 strains of Saprolegnia parasitica were collected. Comparative 
studies of a subculture of Coker's type culture of this species and repre- 
sentative strains isolated by the writer showed that the more or less 
marked variations displayed in vegetative and asexual reproductive 
structures should not be considered to be of diagnostic value, but should 
serve only to extend the range of variation possible within the species. 
In the writer's opinion S. parasitica should be consider^ a species of 
convenience until further study has demonstrated its exact nature. 

The variety S. parasitica var. Kochhari is considered to have been 
established on an inadequate basis, since the characteristic upon which 
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it was baaed is mciuded in the range of the species as it is interpreted 
bare. 

The character ^^remwal of so&sponmg^ by cymcm braacbing^^ was 
shown to be more variable and corr^pondin/^ less signiicant than has 
been thought; consequently the writer prefers not to accept the transfer 
of Saprolegnia parasitica to the genus Imachlya^ but to retain it in its 
original genus. 

2 strains of Achlya fiageUata^ 1 Achlya sp., and 1 Dictyuchus sp. were 
isolated and shown to be wound parasites. This is, to the writer^s 
knowledge, the first observation of a member of Dtctyuchus parasitic to 
animals. 

Amsricak International College, 

Springfield, Massachusetts. 
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A REMARKABLE SAPROPHYTIC FUNGOID ALGA* 

Bt W. C. Coeeb and LbIiAnd Shanob 
Plates 22 and 23 

In the spring of 1937 the senior author, while scouting in upper Chat- 
ham County, about 7§ miles from Chapel Hill, North Carolina, noticed 
a white fluffy fungoid-looking growth in a small spring stream near the 
base of a large sawdust pile which had been burning for at least 4 months. 
This growth was attached to objects in the stream such as leaves, roots, 
sticks, and rocks, but more frequently to blades and panicles of grass 
which were bent over into the running water (Figs. 19, 20). Thinking 
that it was probably Leptomiiui, one of the well known water molds 
that we have been observing for years, material attached to grass and 
twigs was brought into the laboratory for study. On examination this 
proved to be not a water mold but a remarkable plant that is the subject 
of this paper. 

These first collections made were kept in the laboratory for a short 
tune, but soon died from the increased bacterial contamination. Again 
in the fall of the same year, a visit to this location showed that the plant 
was still available, and on this same excursion a second station was found 
about two miles from the first, our plant growing again under similar 
circumstances. In the spring of 1938, the plant having been found 
growing abundantly in this latter stream, it was decided to study it more 
carefully. This work was started on April 23, 1938, and cultural studies 
begun on April 30. 

If this plant had been green, we would have said at once that it was 
probably a Stigeodonium or a close relative of that genus in the Chaeto- 
phoraceae. The size and whole oi^anization of the plant body is re- 
markably similar to that of members of this group. Each individual 
plant body consists of a main axis, generally tapering upward and 
branching at rather regular intervals from the upper ends of the cells, 
these rebranching again several times and finally ending in long slender 

* A preliminary report on this paper was presented before the National Acad- 
emy of Sciences, meeting at Chapel Hill, North Carolina, October 25, 1038. 
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cells which taper, to extremely fine points (figs. 1, 2, 4). The basal 
cell or cells give aS numerous irregular and branching rhizoidal holdfasts 
(fig. 7, 8, 24) , just as in Stigeodonium tmd its relatives. The attachment 
of these plants seems to be entirely for support and not for nutrition, as 
is indicated by experiments cited below. 

The cell^ of this plant appear perfectly transparent in transmitted 
light and there is no trace of a body that might be called a colorless 
chromatophore, if one could use such a contradictory term. The 
cytoplasmic lining of the large cells is confined to the cell walls and is 
extremely thin, in fact hardly observable with ordinary magnification, 
being usually less than 1.5/u thick except in the ends of the cells. In 
the young more narrow cells the protoplasm is not confined to the region 
of the cell walls but extends here and there across the interior giving a 
very vacuolated appearance. The nuclei in the largest cells are large 
and obvious, measuring from 5.6-8.6^ in diameter, and have a very con- 
spicuous gleaming nucleolus (figs. 7, 25). Nuclei in small tip cells 
measure 1.7-2/t in diameter. In a cell of average size, when seen in 
surface view after being killed in the fumes of osmic acid and stained 
with gentian violet, the cytoplasm seems to be arranged in inconspicu- 
ously diagonal strands reminding one of the arrangement of the cbloro- 
plasts of NiteUa (fig. 6). In large old plants a number of the basal celk 
and the rhizoidal holdfasts arising from them appear to be dead and 
empty. We have been unable to demonstrate a nucleus in the hold- 
fast cells. 

GROWTH IN NATURAL ENVIRONMENT AND CHEMICAL ANALYSIS 
OF THE BRANCH WATER 

At our first station, the spring supplying the branch is located only 
about 20 yards above the upper end of the burning sawdust pile. The 
fluffy growth of our plant appeared at the uppermost point that seepage 
from the pile would likely enter, and above this line, which was a 
sharp one, it was entirely absent. From this point downward it was 
abundant for many yards. Perhaps 30 or 40 yards below this seepage, 
the branch disappeared in a thick tangle of Smilax and was not examined 
further. 

At the second station, the spring was located in a very similar position 
in relation to the burning sawdust pile as it was at the first, but after 
about 50 yards, this small stream from the spring entered a larger branch 
and the growth of our plant in this stream is quite remarkable. Growth 
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in the smaller stream began just opposite the sawdust pile and continued 
down tiiis and on into the larger one. Above the point in the large 
stream where the small stream entmed there was no sign of any growth, 
likewise, no trace of growth could be noted in the smaller stream above 
the seepage line. The larger stream here is filled with large rooks and 
these were abundantly covered with this fliiffy growth, sometimes to a 
depth of as much as 5 cm. (fig. 19), in addition to the usual abundance 
of it found attached to roots, twigs, grass blades and panicles. Growth 
attached to grass has been observed in this stream as far as about | 
mile from the point where the smaller stream entered it. 

Cool temperatures favor the growth of this plant, and we have been 
unable to find it in the warmer seasons. Most of the collections have 
been made either during the late fall and winter or during the spring 
months. Our last collection made during the summer of 1938 was 
on June 26. On September 15, no trace of growth could be found at 
either station and on other visits on September 27 and October 6, still 
no growth could be seen. On October 13, a few blades of grass with a 
small amount of growth attached were collected at our second station, 
but not imtil October 24 was there an abundance of material available. 

The fact that no growth appeared above the seepage point in both of 
these stations indicates clearly that some nourishing substance finds its 
way into the water from these burning sawdust piles which is essential 
to the growth of the plant. Further evidence that the nourishment 
for growth is obtained from the water and not from the substratum is 
shown by the fact that growth on rocks in the stream below the seepage 
is equal to that of plants attached to organic objects. The attachment 
of these plants to objects in water is, then, evidently for support alone. 
Still further evidence that the nourishment comes from the burning 
sawdust is the following observation. Sometime during the past sum- 
mer the sawdust pile at the first station quit burning, and when the 
^owth reappeared late in October at the second station, none could be 
observed in the stream where it was first found. Although there has 
been an abundant growth in the stream at the second station all during 
the winter and spring months, the plant has not again reappeared at 
the first station. 

Members of our chemistry department very generously undertook to 
analyse the branch water in which the plants were growing. We are 
greatly indebted to Dr. Edward Msek, Jr., Dr. R. W. Bost, and Dr. 
E. C. Markham for their most vaihiable assistance in this work. The 
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results of their aiwJysis, so far as it was thought necessary to carry it, is 
as follows: 


pH 598, not much more acid than distilled water. 

Total solids (dried at 100 C.) 

Total solids (after burning). 

Chlorine (Cl) 

Iron 

Nitrogen (as free NH) 

Nitrogen (albuminoid) 

Nitrogen (total organic) 


mg, ptt Ui0r 
126 
47 
5 
1 

0.04 

0.6 


0.5 


Results when one liter was evaporated to 25 cc. and tested for various 
possible organic substances: 

1. FeCli test was negative, showing no tannins or phenols. 

2. Indophenol test negative, showing no phenols. 

3. Bromine water, test negative, showing no unsaturates of phenols. 

4. Schiff's test was positive, showing no aldehydes (sugars do not respond to 

this test). 

5. Molisch test was positive, showing carbohydrates. 

6. Quantitative determination of reducing sugars calculated as glucose, 

6.9 mg. per liter. 

7. Permanganate titration of reducing substances calculated as glucose, 

6.0 mg. per liter. 


This analysis showed that the branch water was almost free from 
mineral content but contained a noticeable amount of reducing sugar. 
It also has a very characteristic acid sweet odor. 


REPRODUCTION AND DEVELOPMENT 

To our surprise, as well as to theirs, the chemists found that after 
filtering the water brought in with the plants through a hard filter which 
would usually remove all visible particles, in a few days a fluffy growth 
was seen throughout the water which gave it a milky appearance. We 
have found that the ultimate delicate tips of the end branches of this 
plant are very easily thrown off, so that if bandied at all these separated 
tips would always be found floating freely in the water. These tips 
may be single*celled or be made up of as many as seven or eight cdils 
(figs. 2| 3). It was inferred that some of these tips must have passed 
the filter. 

Additional samples were then filtered in our laboratory, and 100 cc. 
samples of this filtrate centrifuged for three minutes to separate out any 
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tips that mii^t have passed throuj^ the filter. Samples drawn from 
the bott(Hn of the o«itrifuge tube after this treatment showed, when 
examined with the compound micr(»cope, that a few of these tips had 
been drawn through the filter. The tips in the filtrate were mostly 
sin^e>eelled but a few were as much as three cells long. They could 
not be detected in the filtrate with the unaided eye. 

Experiments begun by us to study this growth more closely showed 
unei^Mctedly that the very tip points of a great number of these cells 
were glutinous and would instantly stick to any solid object touched. 
This was filrst noted when very young blades of grass were placed in 
cultures to determine if our plant would live on these. It was noted 
almost immediately that these small tip branches would stick to the 
grass, and even though these were moved around in water, the attached 
tips would sway about but would not become detached. 

In a dish in which many of these tips are floating about, a string or 
blade of grass alter being drawn through the water will, upon examina- 
tion under the compound microscope, show a number of these tips 
sticking to it. This glutinous property possessed by some of these 
cell-tips was further demonstrated when water containing many of them 
was placed under the high magnification of the binocular microscope. 
A needle touched to the tip of these branches then drawn through the 
water revealed that the tip-branches would be drawn along without 
becoming detached. Considerable shaking about in the water was 
crften necessary to dislodge them. Not all of these tip-branches pos- 
sessed this glutinous quality but most of the several-celled ones did, 
as did also a number of the single-celled ones. These short single- 
celled branch tips were the type that most frequently passed through 
the filter. 

When Irft in a petri dish undisturbed for a few hours, a number of 
these tips can be seen attached to the bottom of the dish by the point 
end and standing upside down. Agitating the water only causes them 
to sway around the point of attachment but does not loosen them. 
After a few days, when a few granules of sugar were added, these plants 
were observed to have formed a holdfast system from this basal pointed 
cell, the upper part had grown considerably and had become branched, 
and these small plants were now rapidly assuming the appearance of 
more mature ones. By growing in this way, the polarization of growth 
is reversed. 

Under normal conditions in nature, it seems obvious that these 
branch-tips, after becoming free in the water, are carried by the current 
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until the pointed tip cell comes in contact with some object in the 
stream. They tl»n stick and proceed with their devel(q>ment. On a 
firm surface the basal cell soon forms a holdfast apparatus by flattening 
out and branching (figs. 9, 10, 11, 13, and 14). Later, other branches 
are given off by a few cells immediately above, which likewise grow 
downward, become attached to the surface and thus form a very sub- 
stantial holdfast system (fig. 7 and 8). In mature plants this holdfast 
ssrstem reminds one of the prop roots developed by Indian com. On 
soft tissue such as 3 roung tender grass shoots, these young plants may 
send their first simple holdfasts into the tissue of the substratum (fig. 12), 
but that this growth is not for nourishment is shown by the fact that 
the plant will not grow unless sugar is added. When sugar is present, 
growth is as active on rocks and glass as on organic material. 

CULTURE EXPERIMENTS 

Since the chemical analysis of the branch water in which the plants 
were growing showed the presence of a considerable amount of glucose 
sugar, our first effort to culture this plant was in a sugar solution. The 
blades of grass to which the material was attached were divided into 
three approximately equal parts and placed in fingerbowls in distilled 
water. One of these was left on the desk at room temperature, one 
placed in the icebox but no sugar added, and the third placed in the 
icebox and a few grains of sugar (dextrose) added each day. The cul- 
ture to which sugar was added began to grow immediately and after 
three weeks had reached its maximum growth. Before any sugar was 
added the growth of the plant extended out about one centimeter from 
the blade of grass to which it was attached and at the end of this 
period when measured again, had increased to about 2\ cm. Soon 
after this the culture had to be disposed of because of excessive bac- 
terial contamination. 

After about a week, the culture which had been placed on the desk 
had become completely destroyed by bacterial activity. In the icebox 
the bacterial action was retarded by a lower temperature so that, al- 
though the culture to which no sugar had been added showed very little 
if any growth, it was not completely destroyed after the three-week 
period. 

Two weeks later more fresh material was collected and additional 
cultures made using several concentrations of dextrose in the water. 
The amount of sugar used was 3.5, 7, 10, 14, and 20 mg. per liter of 
distilled water. In all of these concentrations except the 3.5 mg. per 
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liter solution the growth was discernible after a week’s time, but bacteria 
could not be eliminated from cultures made in this way so tbey had to 
be discarded. No further culture attempts were made until after 
Oet(^r 15, 1938, when repeated ^orts finally resulted in obtaining 
ipowth on agar that was entirely free of bacteria. 

After we had obtained good growth of bacteria-free cultures on agar, 
we undertook again to try culturing this plant in a solution. Because 
growth was relatively good on maltose-peptone ^5 agar, maltose- 
peptone solutions were made up without the agar. Solutions of 0.2 
and 0.3 per cent dextrose were also prepared and these were placed in 
two liter Erlenmeyer flasks and autoclaved. To each flask was added a 
small block of an agar culture containing fresh growth on Decem- 
ber 1, 1938, 

After 24 hours, these showed that the plant had grown out quite 
noticeably from the block of agar that had been used for the inoculation, 
and when held up to the light, showed numerous tip cells floating about 
in the solution. Very few of these tips were seen at this time in the 
0.2 and 0.3 per cent dextrose solutions as compared to the number in the 
maltose-peptone % 5 medium. 

After three dajns, the maltose-peptone solution began to appear 
slightly milky, and when held up to the light, the solution was found to 
be full of these minute tips floating about. A few had already settled 
to the bottom of the flask and were beginning to branch, as were many 
of those floating about in the solution. The flasks containing the dex- 
trose solutions never became so full of these floating tips nor was such an 
abundant growth produced later as took place in the maltose-peptone 
solution. These tip branches continued to grow and, as they increased 
in size, settled to the bottom of the flasks. 

This growth continued unobserved for several weeks during the 
Christmas recess, but after a month’s time, the bottoms of the flasks 
were found covered to a depth of a little over an inch with the white 
fluffy growth of this plant (fig. 21). Most of the dividing branch-tips 
had also settled to the bottom so that the upper part of the solution no 
longer had a milky appearance. After this very little change was noted 
in the amount of growth, and by March 1, 1939, the only difference seen 
was a collection on the bottom of the flasks of a very slightly brownish 
mass somewhat more dense than the upper more fluffy portion. When 
this was examined it was (ound to be only a dense aggregation of short 
fragmenting branch-tip cells. 

The appearance of the plants grown in the maltose-peptone Hfi 
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solution is quite siipilar to that of plants found in nature* The branch- 
ing is very much the same and the general structure appears to he 
identical. However, some slight variation has been noted in the shape 
of the cells. The cells on the main axis of these plants show considerable 
enlargment at the nodes as had been noted before in cultures that 
become badly contaminated with bacteria (figs. 5, 26). The cells of 
the side branches also frequently show considerable enlargement at the 
nodes, particularly on the end of the cells at which branching takes 
place. This type of enlargement gives these cells somewhat of a drum- 
stick appearance (fig. 15). The cells of the side branches continually 
produce one to several-celled branches which are liberated into the 
solution. 

The behavior of these reproductive tip-branches is different in solu- 
tion from those of material brought in fresh from the stream. None of 
these tips seem to possess sticky points and could not be induced to 
stick to a needle drawn through the water, as could those brought in 
from the field. They also do not become attached to the glass but either 
continue to grow in the solution or fragment to form a number of shorter 
cells which grow into multicellular branched plants or just increase in 
size and fragment again. This fragmentation takes place after the cell 
has divided by the rounding up of adjoining ends of the two new cells 
(fig. 18). This rounding of the ends of the cells continues as the cells 
enlarge so that the two new cells either separate entirely or remain 
attached to each other with the ends continuing to elongate. Because 
of this tendency to stick together, several cells are frequently found 
which remain attached to each other but which are growing and dividing 
as if growing separately. Often before branching takes place in one of 
these branch tips, the cell at one end becomes very long and thread-like 
(fig. 17), suggesting perhaps an attempt at holdfast formation. Some- 
times the tip cells on much branched plants in solution will become 
elongated and thread-like in a similar fashion before being set free by the 
parent plant (fig. 16). 


GROWTH ON AGAR 

In our early attempts to obtain growth of this plant on agar, the ma- 
terial was so completely polluted with bacteria that all efforts to obtain 
it in pure culture failed. In a later attempt, some plants began to grow 
along with a yellqw bacillus-type bacterium which seemed to-interfere in 
no way with the growth of the plant. Eventually pure cultures free of 
bacteria were obtained by cutting off tips of branches which had grown 
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away from bacteria under the surface of the agar« When we first 
attempted to grow cultures on a solidified medium, 3% agar was used 
for this purpose. When this failed to give good results, the posmbility 
of the medium being too solid was suggested. When the amount of 
agar was reduced to 1.2%, growth was more satisfactory. Potato- 
dextrose, Blakeslee’s ^230, com meal, 0.2% dextrose, and our maltose- 
peptone $ 5 agars were all prepared with this concentration of the agar. 
The potato-dextrose and Blakeslee’s #230 seemed too strong and no 
growth took place on either of these. Fair growth resulted on the 0.2% 
dextrose but the best results were obtained on the maltose-peptone # 5 
agar. 

As soon as reproductive tips are placed on agar, the cells divide and 
begin to grow. After 24 hours, many have become several-celled and 
have even begun to branch in some qases. The tip cell elongates, be- 
comes narrow and much bent without forming any crosswalls, and grows 
down into the agar. This tip cell is the one which would have given 
rise to the holdfast system had this branch become attached to some 
object in water. Each small plant thus started continues to grow on 
the agar, the cells enlarge and branches arise from the anterior end of 
each cell near the joint with the adjoining cell as do the plants found in 
nature in the running water. These branches very seldom grow out 
and become more branched as do the hyphae of cultures of fungi, but 
rather grow more parallel to the main axis, become separated from the 
parent cell, and are pushed aside by another branch from the same cell. 
Many cells are, therefore, produced along the main axis which lie paral- 
lel with it. Each cell or group of cells that formed a branch in this way 
continues to grow and produce branches as did the first axis. In this 
way whole bands of branching strands are formed in which the larger 
axis is in the middle and the smaller branching side axes are found 
around this (fig. 23). The large cells of the central axis are very con- 
spicuous in a band of growing threads. 

Growth on agar may be either on the surface or under the surface 
(fig. 22). Growth on the surface produces a raised, white, glistening 
colony with the greater amount of growth at the point of inoculation 
with raised bands extending outward. Under the agar the bands are not 
quite so compact. A surface band always is accompanied by some 
growth down into the agar. Whether the growth is on the surface or 
down in the agar, the main axis does not extend straight but seems to 
meander somewhat in a "sig-zag fashion. This is perhaps due to the 
plant’s growth against the resistance of the agar and the elongation of 
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each cell in place alter it was first cut off. This winding growth is very 
evident in surface growth and is shown clearly in fig. 23. If one of these 
surface strands is r^oved and placed in a drop of water, the plants 
stnughten out and appear almost exactly as plants removed from their 
attachments in the field. They have no holdfasts, of course, but other- 
wise there is no detectable difference. 

Frequently when branches from a colony grow downward through 
the agar, they attempt to form holdfasts against the bottom of the petri 
dish (fig. 26). These holdfast-like branches, however, are seldom 
divided into cells and do not approach the more complex holdfast 
apparatus of plants grown attached to objects in water. Holdfast-like 
structures have not been observed formed in the agar except where a 
growing point has touched the bottom of the petri dish. 

The growth of this plant on agar is very slow. Pure culture transfers 
made by cutting out small blocks from an original agar culture or by 
transferring a strand of the surface growth, may produce a colony in a 
month which rarely has a radius of more than an inch from the point of 
inoculation. The white glistening accumulated growth in the center of 
these colonies is very suggestive of the appearance of bacteria or yeast 
colonies. 


COMPOSITION OF THK CELL WALL 

The cell wall was first tested for cellulose by the usual chloro-iodide of 
zinc treatment. A few plants were placed on a slide in a drop of water 
and with them a few hyphae of Achlya flageUata and cotton fibers, the 
walls of which show perfectly the cellulose reaction with this solution. 
When the water was drawn off, and the reagent added, the walls of our 
plant became only faintly yellowish while the h 3 q)hae of the Achlya 
and the cotton fibers turned a beautiful violet-blue color. As a further 
test, the procedure outlined by Chamberlain (Methods in Plant His- 
tology, 5th revised ed., p. 85) for demonstrating the presence of cellulose 
was followed. Here again the walls of our plant sdelded only k yellowish 
color while the walls of the Achlya and the cotton fibers became a deep 
blue. These two tests indicated to us that cellulose was either not 
present in the walls of this plant or that these tests for some reason were 
prevented from indicating it. 

We then tried Zander’s test for chitin as given in Lee (Microtomist’s 
Vade-Mecum, 10th ed., p. 600) but this failed to give a positive reaction. 
When treated with gentian violet, the walls became stained with 
this dye. 



Ii2 JotmNJU. or ths MircHBUi SooiKTt [/un« 

Samples of our plant brought in from the stream and carefully cleaned, 
and samples taken from the surface of agar cultures were dried and very 
generously analysed for us by Dr. J. C. Andrews of the Department of 
Biological Chemistry. We are indebted to Dr. Andrews for the follow- 
ing results: Hydrolysis gives glucose, and the glucosamine test was 
negative. When tested for nitrogen 2.80% was obtained. This would 
correspond to a maximum of about 36% chitin if all N were in that form. 
This would, likewise, correspond to a maximum of about 17.5% protein. 

This material gave a positive biuret test and positive tests for tyrosine 
and tryptophane. A test for cystine showed only a very slight amount 
of this substance. 

The above results indicate that the walls probably do not contain 
chitin but rather a carbohydrate related to cellulose, the composition 
of ndiich is at present unknown. 

TAXONOMY 

In regard to its relationships to other algae, an extended discussion 
seems unnecessary. Except in this case, there is no saprophytic plant 
known that can be convincingly compared to any Green Alga group. 
It is true that Prints in Engler and Prantl (Pflanzenfamilien, 2nd ed. 3 : 
252. 1927) suggests the Monoblepharidaceae as colorless relatives of 
the Oedogoniaceae, but if there is any such relationship, it is more than 
obscure. A comparison of our plant with parasitic and endoph 3 rtic 
algae suggests no parallels. It may be of significance that Stigeodonium 
tenue, a green plant, has been found attached to living fish in a fishpond 
at Melbourne, Australia, and in a small pool at Tanabe, Japan (Tilden, 
Algae and their Life Relations, p. 458). 

The peculiar nature of this plant makes it extremely difficult to fit 
into any scheme of classification. From its vegetative structure it 
would seem best to consider it a highly peculiar derivative of the algae, 
with its nearest relatives in the higher forms of the Chaetophoraceae. 
The differences would seem sufficient to place it in a family of its own, 
which might best be placed near the Chaetophoraceae as an aberrant 
monber of the order Ulotrichales. 

SAPROCHAETACEAE n. fam. 

Colorless saprophytic plants with branching and general form of the 
Chaetophoraceae; attachiment to substratum by means of a complicated 
rhizoidm holdfast system;^ reproduction, as far as known, solely by a 
vegetative detachment of the branch tip cells. 

One genus, Saprochaete. 
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fiAPBOCHASTE n. gen. 

With the characters of the family. One species. 

Saprochaete saccharophila n. sp. 

Plants occurring attached to objects in running water, appearing 
milk white in mass, reaching a total length usually of alx)ut 2 cm^ 
under some circumstances up to 5 cm. Plant body eomplicatdy 
branched from an attached base, branches arisiiig from the upper enos 
of the cells, ultimate branchlets tapering to a sharp point; aios cells up 
to 176/li long by 33iu in (^meter, cylindrical, sometimes having enlarge- 
ments at the cell junctions, nucld in largest cells conspicuous, up to 
8.6m in diameter and having a prominent nucleolus; chlorophyll and 
plastids entirely lacking; cell wall not responding to tests for cellulose 
or chitin; propagation entirely by vegetative means^ the distal cell or 
cells of the branchlets becoming free, then attachmg themselves by 
their glutinous tips and growing backward, reversing polarity. 

Found only in running water in which a considerable amount of 
reducing sugar is present. Collected many times during cooler months 
from the spring of 1937 to 1939 at two stations in Chatham County, 
N. C., growing attached to objects in spring runs receiving seepage from 
burning sawdust piles. 


SUMMARY 

A remarkable plant having the form of a higher green alga and the 
nutrition of a saprophytic fungus is reported from two stations in 
northern Chatham County, N. C., growing in small spring runs receiv- 
ing seepage from burning sawdust piles. It has a body closely resembl- 
ing that of Stigeoclonium, but is entirely without chlorophyll or any trace 
of an organ resembling a chloroplast. The cytoplasm is confined to an 
extremely thin layer under the wall in the larger cells, and each of 
these cells has a single large conspicuous nucleus. The tip ceils of the 
branches are extremely tenuous and end in a fine point which has been 
found in most cases to be viscid. These tip cells fall off easily and 
become attached by their points to objects in the water. Reversing 
their polarity, they soon develop into much branched plants reaching 
a length of 1 cm. or more and having the appearance to the naked eye 
of a vigorous water mold. This method of vegetative multiplication 
is the only type of propagation known for this plant so far. A com- 
plicated group of rhizoidal holdfasts is sent off from the basal cell and 
the cells above it. The cell walls do not give the usual positive reac- 
tions for either cellulose or chitin with standard tests, but a chemical 
analysis indicates a closer affinity to cellulose. 
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Pure culture isolations have been grown on agar containing small 
amounts of sugar^ and in weak sugar solutions. The appearance of the 
growth in culture and any deviations from the typical structure of 
pkmts found in nature are discussed. For nutrition, this plant seems 
to be dependent on the presence of reducing sugars, as is indicated by its 
growth in nature in water in which reducing sugars are present and from 
cultural studies in sugar solutions in the laboratory. 

As far as the authors are aware, no saprophytic plant with the form 
of a multicellular green alga has previously been reported. This plant 
is being placed in a family of its own, the Saprochaetaceae, near the 
Chaetophoraceae, and given the name of Saprochaete saccharophila, 

Dbpartmbnt of Botany, 

Univbbsity op North Carolina, 

Chapbl Hill, N. C. 


EXPLANATION OF PLATES 
- Plate 22 

Fig. 1. Habit sketch of a single plant. X about 18. 

Fig. 2. End of branch showing several of the type of branch-tips used for vegeta- 
tive multiplication. X 122. 

Fig. 3. Single branch-tip after separation from parent plant. X 368. 

Fig. 4. Outline of a few cells of a main axis showing position of branches. X 368. 

Fig. 6. Outline of cell of a main axis from plant taken from a contaminated culture 
kept in the laboratory to show enlargement at ends of cells (drawing by 
Miss Alma Holland). X 335. 

Fig. 6. Surface view of cell from plant killed in the fumes of osmic acid and stained 
with gentian violet showing the large nucleus and the appearance of the 
cytoplasm. X 368. 

Figs. 7 A 8, Basal portion of older plants scraped from grass showing holdfast 
system that attaches plant. The ends of the holdfast branches have been 
broken off. Fig. 8, a, shows a young plant starting to grow upward from 
the holdfast branch of the parent plant. X 368. 

Figs. 9~11. Early attachment stages of young plants on hard surfaces showing the 
flattening and branching of the tip cell. X 368. 

Fig. 12. Stage showing the formation of a somewhat rhizoidal structure in the 
attachment of a branch-tip to a soft tender grass shoot, g. X 368. 

Figs. 13 A 14. Young growing plants on tender grass blades. X 368. 

Fig. 15. Branch from main axis of plAnt grown in maltose-peptone ^5 solution 
showing peculiar enlargements at ends of cells. X 368. 

Fig. 16. Tip of branch showing elongate thread-like growth of end cells which is 
very frequent either when growing in solution or on agar. X 368. 

Fig. 17. Branch tip from maltose-peptone 5 solution showing threadlike elonga- 
tion of one end cell and the breaking away of a small cell at the other 
end. X 368. 
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Fig. IS. Separating sttiall cells from dividing branch^tips taken from maltose* 
pepione iff 5 solution. X 368. 

Plats 23 

Fig. 19. Photograph of rocky stream bed showing thick mat of fluffy growth 
covering the rocks. 

Fig. 20. Blades of grass with fluffy attached growth. X |. 

Fig. 21. One month’s growth in maltose-peptone fits solution with considerable 
accumulation of fluffy growth on the bottom of the flask. X about 

Fig. 22. Growth on agar one month after inoculation. Note accumulated surface 
growth in center of colony and zig-zag radiating strands. XI}. 

Fig. 23. Termination of surface strand. Note bending and meandering type of 
growth and the large central axis in center with side branches running 
about parallel to this. X 92. 

Fig. 24. Basal part of plant removed from blade of grass showing stubs of holdfast 
branches. X 67. 

Fig. 25. Cell of a main axis from material kept in the laboratory for a few days. 
Note enlargements at ends of cells and the position of the origin of the 
side branches. Arrow points to nucleus with its large nucleolus. Un- 
stained. X 475. 

Fig. 26. End of branch that has grown down through the agar and is attempting to 
form a holdfast against the bottom of the petri dish. X 120. 






PLATE 23 




STUDIES IN THE GENUS OLPIDIOPSIS. I 
Ricstiko Spore Germikation in a New Species’^ 

By Leland Shanor 
Plate 24 and One Text Figure 

Observations on resting spore germination in what is now considered 
to be an authentic species of Olpidiopais apparently are not described in 
the literature. Fischer (1880, 1882) has described the germination of 
what he considered at that time to be the resting spores of OljndiopM 
Saprolegniae, The resting spores in this case, however, were not ac- 
companied by the companion cell that is characteristic of this genus, so 
Fischer later (1892) decided that the plant that he had been working 
with before was a member of an entirely new and distinct genus for 
which he proposed the name Pseudolpidium. The chief difference in 
the two genera is the lack of a companion cell on the resting spores of 
Psendolpidium. 

Zopf (1884) has described rather briefly resting spore germination for 
his Olpidiopsis Schen/dana, Zopf's plant, however, possesses uniciliate 
zoospores rather than the biciliate type characteristic for Olpidiopds 
and has been transferred to the genus Pseudoljndtopsis by von Minden 
(1916). Scherffel (1926) considers Zopf's observations of the number 
of cilia possessed by the zoospores of 0. Schenktana incorrect and reports 
this species to have biciliate zoospores. Tokunaga (1933, a) has since 
observed a form occurring on Spirogyra in Japan, considered to be 
Psevdolpidiopsia Schenkiana (Zopf) v. Minden, whose zoospores, he 
says, possess *'a long cilium.” There is a possibility^ therefore, that 

* This paper was presented before the Myoological Society of America, meeting 
at Richmond, Va., December, ISSS, under the title **An Interesting Type of 

Resting Spore Germination in Ofptdtopsts.” The author wishes to express his 
sincere appreciation to Dr. W. C. Coker for his helpful suggestions during this 
study, and to Dr. J. N . Couch for carrying on the stock eultares during his absence 
from the University, June to September, 1938. This and the followii^ paper are 
taken from material submitted to the Graduate Faculty of the University of 
North Carolina as a dissertation for the Ph.D. degree in the Department of 
Botany. 
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two veiy similar parasites occur on Spirogyra and that the observations 
on the number of cilia by all of these investigators is correct. Fits* 
Patrick (1930) follows von Minden in recognising the correctness of 
separating the forms possessing uniciliate soospores from those possess* 
ing biciliate soospores. 

G&umann and Dodge (1928) cite Barrett (1912) as saying that the 
resting spores of Olpidiopaia germinate by soospores which are dis- 
charged through an emission collar. Barrett (1912), however, states 
that as yet he had not observed cases of “oospore” germination in any of 
the species which he had studied, and gives, as the only cases in which 
it had been described up until that time, those by Fischer (1882) for 
Olpidiopeie (Pmtddpidium) and by Zopf (1884) for OVpidwpsie Schen- 
kiana (now Peeudolpidiopais Schenkiana (Zopf) v. Minden) . In another 
species of Olpidiopsis occurring on an alga, Olpidiopeis oedogoniorum (de 
Wildeman) Scherffel, Scherffel (1925) states that resting spore germina- 
tion is unknown. 

Gwynne-Vaughan and Barnes (1927), in summarizing the information 
known about Olpidiopsia, state that “Nothing is known about the fate 
of this resting structure, to which the empty antheridium remains 
firmly attached,” but in a later edition (1937) suggest that “the oospore 
probably discharges bifiagellate zoospores when it germinates.” Smith 
(1938) states concerning this genus that “Germination of the zygote 
has not been observed.” That the assumption of Gwynne-Vaughan 
and Barnes is correct is shown by the observations recorded in this 
paper. 


ICA.TSBIAL STUDIED, INCLUDING THE DESCRIPTION OF A 
NEW SPECIES 

The material from which these observations were made was collected 
from a roadside pool near Burgaw, North Carolina, March 18, 1938, 
parasitizing AcMya flagdlata Coker. At this time the plant was care- 
fully studied and resting spore germination looked for, but up until 
June no cases were observed in any of the cultures. At the close of the 
school term in June, new cultures were made and those were left with 
Dr. J. N. Couch to be kept going over the summer months. Upon 
my return in September, numerous empty resting spores with ruptured 
germ tubes and a number of others in the process of germination were 
found in the old cultures^ The process was then carefully followed a 
mimber of times and the observations are given below. 

This species of Olpiditpsis does not agree with any known species. 
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The poinpanion cell to the resting spore is, in most eases, distinctly 
spiny, due to the fact that the spiny encrusting cxospore wall that 
covers the resting spon* is quite thick and also encloses th(' companion 
cell (Text figs. B. & C.). Som(' of the .smallest re.sting spores may have 
smooth-walled or practically smooth-walled companion cells (fig. 12). 



A. KnlargeniGiit of host hypha containing t\\o tyi)ical spiny zoosporangia and 
one ichting spon'. X l()(). B. Largo resting spore before fertilization showing 
protoplasm in the antheridium 8piny wall of the companion cell barely showing 
as it IS partly masked b\ the disintegrating host protoplasm X 340. (' Smaller 

resting spore in the dormant condition. Note the prominent spin> layer con- 
tinued ovei the companion cell and outer dense and inner less dense regions of the 
1 eating spore piotoplasm X 3K). 1) Early stage in lesting spore germination. 

Note hyaline tip of gennination tube and clearer vacuolar region X 250 E. 
Stage in germination just previous to zoospoie formation. Note absence of 
vacuole and the presence* of refractive globules in the now more or les's homogene- 
ous protoplasm ; also shape of g(*rmination tube caused by conformity to the shape 
of the companion c(‘ll. X 250. 

Tlio niaiiiHU* in which the spiny layer is laid down is probably responsible 
for this variation, as then* is often some variation in the sharpness of 
the spines of the exospore w^all on the resting spores also. 

Cornu (1872) has deserib(*d the resting spores of Olpidiopsis index 
as having a sfiiny eomiianion cell, but the spines on his plant are very 
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slender and are quite different from those of this fungus. The spines 
on the resting spores of this new species are rather broad at the base and 
are more like those possessed by Olpidiopsis minor Fischer. The 
companion cells of 0. minor, however, are smooth rather than spiny. 
The resting spores of Olpidiopsis minor are also usually much smaller. 
Butler (1907), however, says that in the material studied by him they 
were larger, being about the same size as the resting spores of 0. Sapro- 
legniae. 1 have been fortunate enough to have cultures of 0. minor for 
comparison and our plant seems to be too distinct to be even a variety 
of that species. The elliptical resting spores so frequently formed in 
cultures of 0. minor have never been found in any cultures of this new 
fungus. In this plant resting spores are always spherical. Tokunaga 
(1933) has described a species from Japan, Olpidiopsis sptnosa, in which 
both the resting spore and the companion cell are beset with long slender 
spines. Tokunaga’s species is quite distinct in this respect. The 
average size of the resting spores of our new Olpidiopsis closc'ly ap- 
proaches that of 0. Saprolegniae Cornu (not O. Saprolegniae (Cornu) 
Fischer), but the character of the spines on the two species is quit(‘ differ- 
ent and the companion cell of 0. Saprolegniae is smooth-walled. The 
hyphal enlargement typically produced by O. Saprolegniae is also mostly 
terminal and frequently more spherical, whereas that of our i)lant is 
often intercalary and, when terminal, the enlargement is much more 
elongate. Olpidiopsis index Cornu and O. spinosa Tokunaga are the 
only other species known in which the companion cell is not typically 
smooth-walled. 

Another very interesting variation from the usual situation reported 
for the genus is the presence of sjunes on the zoosporangia. The 
zoosporangia range from perfectly smooth-walled forms to oikvs densely 
covered with sharp spines (Text fig. A), but by far the greatcT majority 
have spines of some t3npe. All imaginable intermediatt* gradations of 
spininess can often be found in one heavily infected hypha. Th(‘ germ- 
ination of both the smooth and spiny zoosporangia is identical and 
neither shows any more of a resting tendency than does the other. The 
spines on the zoosporangia are apparently of the same structure as those 
on the resting spores. The spines in neither (‘ase give a cellulose reaction 
with chloro-iodide of zinc, whereas the walls of both smooth and spiny 
zoosporangia are cellulose. 

At first these spiny zoosporangia were suspected by the author to 
be the ‘‘Dauerspores^’ of ^ Fischer's genus Pseudolpidium, but single 
spore isolation cultural studies have shown that they l>elong to this 
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Olpidiopaia. They OBrtainly fit the descriptions of the resting spores of 
Pmidoipidium, parUculariy P. Saprotegniae but sometimes of P. 
futiSorm, and appear remarkably similar to the figures found in the 
literature for this genus. Sparrow (1932) has reported that some 
Boosporangia of 0. minor Fischer possess sharp scattered spines, but 
does not mention a resemblance to the resting spores of Paeudolpidium. 

Because of the fact that there is so much variation in the spininess, 
not only ei the sporangia but also of the resting spores, it might appear 
to one not studjdng this plant in detail that several species of the genus 
might be contained in a vigorous 'hyphal infection. This great vari- 
ability makes the name Olpidiopsio varians seem appropriate. The 
description of this new fungus follows: 

Olpidiopsis varians n. sp. 

Zoosporanpa single to many, form^ either in terminal or intercalary 
swellings of the host hypha, elliptical, oval, or spherical, extremely 
variable in size from 60 by 40^ up to 350 by^ 140^, frequently about 
200 by 80m, walls giving cellulose reaction with cUoro-iodide of one, 
smooth to very spiny, spines slender and somewhat conical, up to 7 m 
long, not giving the cellulose reaction; exit tubes commoiily one to 
three (as many as five have been observed). 2Soospores oval to elon- 
gated, 3.8-4.6m long by 2.3-3.0m in diameter, usually about 4.2 by 2.8m, 
biciliate, cilia of alMut equal length, measuring from about 4.2 to 4.6m. 
Oogonia yellowish-brown and very variable in size, spherical, with 
usually one but sometimes two antheridia attached, 26 to 83m Iq diam- 
eter (not including spines), averaging between 52 and 61m; exospore 
wall colorless to yellowish, about thick, bearing usually coarse 
abruptly tapering spines which measure up to 8.6m long and have a 
reticulum connecting them, not giving the cellulose reaction; endospore 
wall yellowish-brown, about 1.7m thick, smooth, and giving the cellulose 
reaction. Antheridia (companion cells) usually spberiem, 17 to 30m 
in diameter, commonly about 26m, waU occasionally smooth but ty{n- 
cally covered by scattered spines similar to those on the oogonia but 
much shorter, 1.7m at the longest, outer part of wall bearing spines 
usually colorless, inner wall having a slightly yellowish cast. ’Contents 
of antheridia pass into oogonia and antheridia on mature oogonia are 
empty. Germination takes place in this species by means of a germina- 
tion tube which usually penetrates the companion cell. Biciliate 
zoospores are produced when the resting spore germinates. 

Zoosporangiis solitariis vel numerosis, in celhilis terminalibus vel 
interemaxibus matricis formatis; ellipwideis, ovalibus, vel sphaericis, 
valde variis, 60-360 x 4O-140m, saepissime 200 x 80m; membrana, quae 
reactionem cellulosae dat, levi vel valde echinulata, spnis ai^uste 
conicis, longis ad 7m, ceUulosa carentibus; aoosporis ovalibus vel elon- 
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gtttu, 8.^.6 X 2.3^3 m» sa^narime 42 x 2.8ft> biciliatis, oiiiia equalibus 
m loQgitudine, 42-4.6 m* Oogoniis luteo-bruimeis, valde variis in 
magnitudine^ ^haerkis; anthmdio uno vd duobus, 26-83m in diam. 
(praeter spinas), saefusame 52-41; episporio hyaiino vd luteo, lJ2ft 
crasBo, spinis erasds acutis, lon^ ad 8.6^, cdliuosa caraitibus; endo* 
spoiio luteo-brunneo, 1 .7m crasso, kvi, edbuosam habente. Antheridiis 
sphaericis, 17-40iM in diam., saepksime 26m, kvibus vel plerumque 
ecbinulatk, q)ini8 kngis ad 1.7m. 

OoUeeted on AtMya flagettata Coker, from a roadside pool near 
Boiil^w, N. C., March 18, 1638. 

A detailed description of the germination of the zoosporangia of this 
species is unnecessary since the stages in maturation and germination 
are essentially the same as those described for other species by Barrett 
(1912), and for the zoosporangia of Paeudolpidium Aphanomycis by 
Butler (1907). 

OBSSBVATIONS ON MATtmATlON AND OXBIUNATION 
or THE BBSTmO SPOBBS 

Alter fertilization has taken place and the resting spore has formed an 
endospore wall about itself, the protoplast soon presents the mature 
structure. In the mature condition the resting spore has a very char* 
aeteristic appearance. There is an outer r^on of very fine, densely 
granukr protoplasm that is separated rather sharply from a central 
region of coarser granular protoplasm. Often small oil globules may be 
located in dther region. In this condition the resting ^re may lie 
dormant for an indefinite period. 

The first noticeable change to occur indicating that the resting spore 
is going to germinate is the dkappearance of the sharp dividing limita- 
tion between the outer dense, finely granukr region and the inner more 
coarsely granukr one. As this takes place, the denseness of the proto- 
pkon in the outa* region diminishes and soon all of the protoplaon 
appears mmikr except for the presence here and there of small oil glob- 
ules. A kige vacuole has now appeared and lies somewhat in an ec- 
centric porition. Unless conditions are changed, such as the addition 
of fresh water to a culture, resting spores may remain in this condition 
for a rather long period sdso. 

Just before the germ tube is initkted, a slightly more hyaline region 
appears just under the companion cell (fig. 2). Before long the wall 
betwe^ the resting spore and the companion cell is dissolved away and 
the growlli oi the germination tube into the companion cell takes place 
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(fig. 3, & Text fig. D). This growth continues until the germination 
tube reaches the qppoate wall of the companion cell. The germination 
tube commonly widens after reaching the opposite wall so that usually 
^ the width of the germination tube is equal to the width of the companion 
cell (fig. 7 & 8). This is not always the case, however, and sometimes 
there is a distinct space between the germination tube and the wall of 
the companion cell (fig. 4, etc.). The wall of the germimition tube 
gives the typical reaction for cellulose with chloro-iodide of zinc. Usu- 
ally a short time now elapses before the germination tube can dissolve 
its way through the opposite wall of the companion cell. In the mean- 
time, the vacuole usually ch^ges its shape continually, shifting its 
position occasionally, and often now more small oil globules can be seen. 

After dissolving its way through the companion cell wall (fig. 4), the 
germination tube grows to a short distance beyond before ceasing to 
elongate and often at this point germination may again be arrested. 
This is particularly true when the material under observation is under a 
cover glass. When germination proceeds again, the protoplasm be- 
comes more coarsely granular, small refractive globules appear scattered 
throughout, and the vacuole disappears entirely (fig. 7 & 8, and Text 
fig. E). In a short time, the initials of the zoospores can be seen (fig. 5) 
and, in a few seconds after their formation, the zoospores set up a mo- 
tion within the resting spore. This shuffiing, jerky movement continues 
until finally the end of the germ tube is ruptured after having become 
softened. When the rupturing takes place, the spores nearest the end 
of the germination tube are discharged so forcibly that they do not come 
to rest until some distance from the tip of the tube. Instead of swim- 
ming away immediately after the force of the dischaige carries them no 
farther, they remain stationary for a second or two, as if bewildered, and 
then swim away rapidly. The other zoospores in the resting spore keep 
shuflling about and the ones nearest the opening escape as rapidly as the 
opening in the end of the germ tube will allow. The opening in the end 
of the germ tube is not much larger than will permit the escape of a 
single zoospore at a time. Usually within a few minutes all of the zoo- 
spores make their escape (fig. 6). These zoospores produced by the 
germination of the resting spores appear identical to those produced by 
the germination of the zoosporangia. They possess two cilia which 
are attached laterally nearest the anterior end of the spore and swim 
with one cilium directed forward and having the other one trailing 
behind (fig. 6 & 6a). 
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siscossiov 

After learning the secret the necessary elapse of time after fertiliaa- 
Uon, I have been able to get germination of the resting spores in my 
cultures almost at will. All that seems necessary to do is to place in 
fresh water on a slide the resting spores from a properly aged culture. 
Those resting spores that have already proceeded as far as the approxi- 
mate stage shown by Fig. 2, will continue germination almost immedi- 
ately. These may be covered with a cover glass provided sufficient 
water is kept on the preparation to keep the cover glass floating. Al- 
most immediately, then, the hyaline area will appear under the com- 
panion cell and the dissolution of the 4rall between commences. The 
whole process from the condition shown by Fig. 2, until zoospores are 
released may take place within half an hour. In other instances, some 
resting spores may produce a germination tube and then remain in this 
condition for a day or two before completing zoospore formation. This 
is particularly true when a preparation for examination is placed in the 
same water in which the culture was growing and additional water is 
added from the same source, or when the cover glass is not continuously 
kept floating during the observation. The process of germination seems 
to be hastened by the continued addition of fresh water to the material 
being examined. 

Zopf (1884) found that he could obtain the germination of the resting 
spores of his 0. Schenkiana by allowing the resting spores to dry on a 
slide for a few dasrs and then addii^ fresh water to these. I have tried 
this method with several species of Olpidioptis but have not as yet been 
successful in obtaining germination by this method alone. I have also 
tried freezing resting spores after fertilization but this has likewise 
failed to hasten the maturation process in preparation for germination. 
The resting spores in a culture about three months old that had been 
dry for some time germinated soon after water was added. Germina- 
tion seems to take place only after the elapse of time necessary for the 
maturation to be completed normally. I have obtained resting spore 
germination in only this one species, and as yet, none of the resting 
^res of any of the other species at hand have shown any signs of germ- 
ination. 

The explanation for the fact that the germination tube grows through 
the companion cell in thiaspecies may be that there is less resistance to 
its growth at this point. At other places the resting spore is covered 
with a thick encrusting exospore that probably offers considerable 
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resistance to the 'progress of the germination tube’s growth. Even 
in the case of the smallest resting spores this is the rule, and it seems 
always to be the case in the germination of the larger ones. It is some- 
times rather difficult to determine with certainty whether the germina- 
tion tube has grown through the companion cell in cases where the tube 
is formed before the observations were begun, but this caiLUSually be 
determined after careful observation. When two companion cells 
accompany a resting spore, germination seems to take place throu^ 
only one of them (fig. 10). Cases where more than one germination 
tube have been formed in the germination of the resting spores have 
not been observed. 


BcnatABT 

1. A new species of Olpidiopsia is described as 0. varians n. sp. Most 
of the zoosporangia of this species possess spines of some description, 
but some of the zoosporangia are smooth-walled. A resemblance of the 
spiny zoosporangia of this species to the “Dauerspores” of Fischer’s 
genus Pseuddpiditm is noted. The companion cell of this plant is also 
spiny in the majority of cases, but the species is quite distinct from the 
other two known species which possess this characteristic. 

2. Germination of the resting spores of an authentic species of 
Olpidiopais is described, apparently for the first time. A long dormant 
period after fertilization has been found necessary before germination 
will take place. In this species there is usually formed a germination 
tube which penetrates the companion cell and biciliate zoospores are 
liberated. These show no apparent difference from the zoospores 
released by zoosporangium germination. 

Dbpabtubmt of Botaky, 

The Univbksity op North Carolina, 

Cbafbl Hill, North Carolina. 
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EXPLANATION OF PLATE 24 

Fig. 1. Dormant condition of the resting spore. Protoplasm in two rather 
sharply defined regions, the outer one finely granular and dense, the inner 
one more coarsely granular and less dense. X 368. 

Fig. 2. Early stage in germination. Protoplasm is more homogeneous and much 
less dense than in the dormant condition. Note hyaline region just 
under companion cell. X 368. 

Fig. 3. Germ tube growing into companion cell. The hyaline tip is still quite 
prominent. X 368. 

Fig. 4. Germ tube has dissolved its way through companion cell and now the 
protoplasm is becoming more coarsely granular. X 368. 

Fig. 5. Stage just previous to rupture of germination tube. Spores are almost 
completely formed and are in a very compact mass. Each spore contains 
one or more small refractive globules. X 368. 

Fig. 6. Stage showing ruptured germ tube and escape of last zoospores. X 368. 
Fig. 6a, Zoospores killed in fumes of osmic acid and stained with gentian 
violet. X 1135. 

Fig. Stage intermediate between stages shown in Figs. 4 A 5. Protoplasm is 
more coarsely granular and numerous small refractive globules are 
present. Large vacuole is now absent. Basal part of germination tube 
completely fills companion cell. X 368. 



1 ^] Studies in Genus Olpidiopsis. I 177 

Fig. 8. Smaller Mting spore in same stage as shown in Fig. 7. X 368. 

Fig. 9. Empty resting spore showing germination tube not completely filling the 
eompanion cell. X 368. 

Fig. 10. Medium sized resting spore having two companion cells. Germination 
is taking place through only one of them. X 368. 

Figs. 11 4b 12. Two of the very smallest resting spores; one just before the formation 
of the germination tube, the other farther advanced. ^ 368. 

Fig. 13. Surface view of resting spore accompanied by two companion cells 
showing ridges connecting spines. Surface view of the companion cells 
is not shown. X 368. 
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STUDIES IN THE GENUS OLPIDIOPSIS. II 


Thz Rblationbhip or Paeudolpidium Fischib 
AND Olpidiopsia (Cornu) Fischer* 

By Lbland Shanor 
Plate 25 and 3 Text Fioubes 

While collecting for parasites belonging to the genera Pmtddpidium 
Fischer and Olpidiopsia (Cornu) Fischer, the author became quite 
interested in the relationship between them, principally because they 
are so frequently collected together and because continuous culture has 
produced only Olpidiopaia. This interest was further intenrified by the 
finding in the case of one species of Olpidiopsia just described in another 
paper, instances of clear gradation between what have been considered 
the soosporangia of Olpidiopgis and what have been thought to be the 
spiny resting sporangia of Paeudolpidium. 

In a perusal of the literature relating to the genus Olpidiopaia one 
immediately bec<nnes unpressed by the abundance of the citations where 
members of this genus are found frequently in association with members 
of the genus Paeudolpidium. It is also very interesting to note that the 
species of Paeudolpidium found occurring with a given species of Olpidi- 
opiaia remains relatively constant when it is collected, even though the 
stations where the collections have been made are widely separated 
geographically. It also seemed quite strange that any two parasites 
so similar in habits should be found occurring together over such a wide 
range. All of these facts indicated that some very interesting discover- 
ies might be made if the problem were more thoroughly mvestigated. 
This study was begun in March, 1938, and has hem continued to Jan- 
uary, 1939. 

Although these parasites were known before. Cornu (1872) was the 

* The eonchuions reached in this paper concerning Paeudolpidium SaproUgniae 
were briefly stated before the Mycological Society of America, meeting at Rich- 
mond, Va., December, 1938, in connection with the variation of spqrangial forms 
of the new species discussed then and described in the first paper of this series. 
Mr. D. A. McLarty, at the same meeting, read a paper dealing primarily with the 
validity of Paeudolpidium fuaiforme. 

. 179 



180 JOUBNAL OF THE MxTCHSLL SoaFTY [JunC 

first to describe and name them as members of the genus Olpidiopm, 
He observed the soosporangia to be smooth-walled structures of varying 
sises and shapes^ and the resting spores to be spiny and thick-walled and 
to be accompanied by a usually smooth, thin-walled structure which he 
termed a ^'cellule adjacente.*’ In one (A his species, Olpidiopm Apha- 
nomycis, no resting spores were observed and in another, 0. incroBsata, 
the adjacent cell was not clearly determined. 

In his early studies on Olpidiopm, Fischer (1880, 1882) was unable to 
find an adjacent cell on the spiny structures which he thought were the 
resting spores of this genus and concluded that Cornu (1872) had been 
mistaken in his observations in this respect and that the resting bodies 
were not accompanied by an adjacent cell. When he later discovered 
the true resting spores of Olpidiopm that were accompanied by the 
companion cell as had been described by Cornu (1872), Fischer (1892) 
concluded that Cornu was correct in his former observations. Fjscher 
now retained the generic name given by Cornu (1872) for those forms 
whose resting spores were accompanied by the adjacent cell and es- 
tablished the genus Psmdolpidium to accommodate those forms which 
had been studied before in which the companion cell had been lacking. 
The chief difference in the two genera was, therefore, the presence of 
this cell on the resting spores of Olpidiopm and the lack of it in PaevdoU 
pidiutn. In other respects the two genera are alike and impossible to 
distinguish unless the resting spores are present. 

In his new genus Pseudolpidium, Fischer (1892) placed six species. 
Paeudolpidium Saprolegniae was the name given to the plant studied 
previously by him and taken in part from Comu^s original Olpidiopm 
Saprolegniae, Pseudolpidium fuaiforme was the name applied to the 
plant which he had thought before was 0. fuaiformia Cornu, and was 
obtained by splitting Cornu ^s 0. ftmfonnia to form this species of 
Paeudolpidium and Olpidiopaia minor n. sp. Paeudolpidium Aphano- 
mycia was proposed doubtfully by transferring 0. Aphanomyda Cornu, 
the species in which resting spores had not been observed, to this genus. 
Paeudolpidium (?) incraaaala was also transferred doubtfully since the 
adjacent cell to the resting spore of 0. incraaaata Cornu had not been 
clearly shown. Paeudolpidium gUnodinianum and P, Sphaeritae, in spite 
of the fact that their resting spores were unknown, were placed here by 
transfer from the genus Olpidium to which they had originally been 
assigned by Dangeard (1888,^1889). 

Of the six species which he placed in the genus Paeudolpidium, 
Fischer had the opportunity to study only P. Saprolegniae and P, 
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ftisifonm in anjr great detail. By this establishment of PseudoVpidium 
to include the forms lacking a companion cell on the resting spores, 
Fischer thought that the confusion caused by his previous work had 
been cleared up. 

Those making a survey of the fungi of any certain region are not 
usually greatly concerned with culturing and studying in detail those 
forms that have been adequately described before, and so students as a 
rule accept an original authoritative description when making an 
identification unless some interesting observation leads to a more 
detaUed study. Therefore, students since Fischer have been inclined 
to accept unquestionably the large spiny structures lacking a companion 
cell that are so frequently found associated with certain species of 
Olpidiopsia as the resting spores of Paevdolpidium, since the two were 
said to be commonly found together. Then, too, a determination has 
too frequently been made and reported as Paeudolpidium when only the 
large smooth-walled sporangia were seen. 

MATEBIALS AND METHODS 

The isolates from which these observations have been made have been 
collected from various stations in North Carolina, mostly in the vicinity 
of Chapel Hill. They have all been obtained parasitizing watermolds 
that have grown on halves of boiled hemp seed which have been placed 
in water collections when these were brought into the laboratory. 

The procedure followed for the isolation and purification of all cul- 
tures of Olpidiopaia and Paetidolpidium was as follows; When an original 
culture of the watermold was found to have hyphae infected with what 
appeared to be a species of either of these two genera of parasites, a 
hypha containing an early infection was carefully removed, washed, and 
then placed on M. P. 5 agar. In this way pure cultures of the host 
were easily and quickly obttdned. Fresh pure cultures of the host for 
the isolation of the parasite were then secured by {fiacmg halves of 
sterilized hemp seed in a petri dish in water on small blocks of the agar 
containing the watermold. When the watermold hyphae began to ap- 
pear around the edge of the hemp seed, infected hyphae bearing mature 
sporangia were removed from the original culture, cleaned thoroughly 
in distiUed water, and then transferred to these young pure cultures of 
the host. Usually a vigorous infection by the parasite is soon obtained 
in this way. No attempt to get single spore or monosporangial cultures 
was made at this time, the purpose now being to get the parasite clean 
and growing vigorously on a single host plant. 



182 JovKSAh or THE Mitchell Sooiett [June 

As the study progressed and the relationship of smooth and spiny 
sporangia became more obvious, it was necessary to make monoq»r- 
angial and smgle spore isolations. Monosporangial cultures were niade 
in two ways: (1) A hypha bearing a single sporangium of the desired 
type was cut off from the culture, removed and thoroughly washed in 
distilled water, examined with the compound microscope for attached 
spores, and if found free of them, then transferred to a young pure 
culture of the host plant. (2) Single sporangia, when mature, were 
dissected out of the host hypbae by carefully splitting open the hyphal 
wall with a fine, sharp-pointed needle. These were then washed care- 
fully in distilled water, examined under the compound microscope, and 
transferred by means of a pipette to a young pure culture of the host 
plant. This second method proved to be considerably more difficult 
to carry out than did the first, and, when it was determined that the 
results obtained by this second method were not different from the first, 
this one was discontinued in the later studies. 

Single spore isolations were obtained in the following way: A hypha 
containing a mature sporangium of the desired type was cut off and 
removed from the original culture, thoroughly washed in distilled water, 
transferred to a drop of distilled water on another slide, and then placed 
under the high power of the binocular microscope so that germination 
could be followed. When the sporangium germinated, a few spores 
were drawn into a very fine-mouthed pipette as they emerged from the 
germ tube. These spores were then placed in another drop of distilled 
water and still more water added to this so that the spores would be 
allowed to scatter about more freely. After this a few spores were again 
drawn into the fine-mouthed pipette and transferred to a young pure 
culture of the host. It is frequently quite difficult to draw up a single 
Bpore to add to a culture of the host, but the number can be reduced to 
three or four. Even though more than one spore were added to a host 
culture, it is of no great importance, because spores added to a culture 
in this way proceed to isolate themselves when bringing about infection 
on the new culture. Each spore, when it brings about an infection on 
the host hypha, gives rise to a single thallus of the parasite which re- 
tains its identity throughout its development (on this observation see 
also Barrett, 1912), and, upon reaching its maximum growth, forms a 
sing^ fruiting structure, usually a sporangium. Therefore, as each 
thallus from a single spore reached maturity and formed a sporangium, 
the hypha bearing it was carefully removed, washed, and then transfer- 
red to a fresh youi^ culture of the host plant. In this way the progeny 
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of the spores fr6m this sporangium all came from the infection brought 
about by a single isolated spore. Sin^e i^re isolations were made 
only to verify the results obtained from monosporangial cultures. 

The water used in these cultural experiments was distilled water to 
which had been added a small amount of animal charcoal. This was 
then filtered and sterilized before being used. 

A CONSIDEBATION OF FSEUDOLPIDIUM SPECIES 

(A) Paetidolpidium Saprolegnuie (A. Braun) Fischer 

The smooth and spiny sporangia of Pmidolpiditm Saprotegniae 
described by Fischer (1892) as the zoosporangia and resting spores 
respectively, have been found not entirely confined to one single species 
of Olpidiopsis. The author has collected isolates producing both of 
these structures which have proven to be variations of sporangia of 
Olpidiopsis Saprolegniae Cornu, O. vexans Barrett (0. ^proUgniae 
(Cornu) Fischer), and 0. mrians Shanor. Since the smooth-walled 
zoosporangia of all of these species are much alike in shape and size, and 
since the shape of the spiny bodies of Pseudolpidium Sapr^egnias has 
been described as not unlike that of the zoosporangia, when it was 
determined with certainty, this fact was not at all surprisii^. Although 
these Pseudolpidium types have appeared with all of the above men- 
tioned species, detuled studies in this group have been largely confined 
to one Olpidiopsis species, 0. varians. This species lends itself partic- 
ularly well to a study of this kind because it quickly produces an abun- 
dance of sporangia, and in addition, has another advantage because its 
resting spores have been germinated. Then too, the spiny sporangia 
in the other species are much more rare and those of 0 . vexans, strictly 
speaking, have no spines but only wart-like deposits. Cultural studies 
with O. Saprolegniae Cornu and with 0 . vexans Barrett have been carried 
on only so far as to determine that the smooth and spiny-walled struc- 
tures suggestive of Pseudolpidium were sporangia! forms of these two 
species. 

The first type of sporangia produced by the infection by spores from 
a monosporangial transfer of 0. varians is usually of either the large 
smooth-walled or of the large spiny-walled Pseudolpidium type, these 
commonly appearing singly in a host hypha. In later infections in the 
same culture, brought about by the spores from the germination of these 
sporangia, zoosporangia regularly appear much smaller and many more 
of them are usually found in a single hyphal enlargement. As more 
sporangia mature in a culture, more spores arc present to infect young 
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hyjdiae ae they are produced by the hcNBt, and ooosequeatly the later 
inoreaee in the number of sporangia in an enlargement is easily explained. 
In infeeticms where a single spore has germinated on a hypha, a greater 
amount of host protoplasm has been available for the growth of the 
individtud thallus than would be available for the growth of each where 
many ^res have developed in a sinc^ hypha. This differ^ce in the 
amoimt of available food for the growth in the two instances would 
exfdain the difference in the siae of the Bponmi^ under the two circum- 
stances. Of course, some of the large i^rangia are produced in older 
cultures along with the smaller ones, but this most frequently occurs 
where only a very few soospores have brought about the infection of a 
hypha. 

The length and abundance of the spines on the sporangia vary con- 
siderably. They may be small and sparsely scattered, long and scat- 
tered, or snudl or long and densely covering the sporangitd wall. In 
still other cases the spines are reduced to mere warts on the wall and 
instances have been observed where this deposit was so slight as to be 
hardly observable. Treatment with chloro-iodide of zinc, however, 
makes the deposit plainly demonstrable because the sporangial wall 
itself gives a beautiful blue reaction with this solution while the deposit 
forming the spines remains colorless. All imaginable gradations from 
perfectly smooth-walled sporangia to those densely covered with long 
spines could often be found in a single heavily infected hypha from the 
progeny of a single spore isolation (Text fig. la; Plate 25, fig. 3). 

The length of the spines or the abundance of them on any sporangium 
does not seem necessarily to be restricted to sporangia of any given size. 
Small sporangia may bear spines or be perfectly smooth-walled, and the 
same can be said of all sizes, even to the very largest ones. However, 
small sporang^ are more commonly smooth-walled or have only a 
slight deposit, whereas large sporangia, although very often smooth- 
walled, more often bear longer and more numerous spines. This large 
spiny type of sporangium (Text fig. lb, c, d; Plate 25, fig. 3) is the type 
that in all probability was misunderstood by Fischer (1892) for the 
“Dauerspore” when he established his Paeuddjndivm Saprolegniae. 
Because sporangia of all tsrpes mostly appear singly when isolates are 
orifpnaUy collected and also because of the difficulty with which the 
true resting spores of Olpidiopm may sometimes be obtained (see 
Barrett, 1912, p. 2M), it is not surprising that Fischer misinterpreted 
tiieee structures as he tq>parently has done. 
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In my (Tiltures not all of tho spiny sporangia were more or l(*ss (»llip- 
sodial as is said to be typical for Pseudolpidium SaproU'gniae, but some 
are somewhat fusiform and distinctly resemble some figures that have 
been given for Pseudolpidium fusiforme Fischer. Th(* somewhat fusi- 
form sporangia ])ro(luc(Hl in cultures of O. varians are, howev(T, g(*n('rally 



Text FioruE 1. varions (a) Typical hjphal swelling caused by 

this sp(*cies in which there are the 8piny-walle<l sporangia of the P. Saf}rolegniae 
resting spore type*, smooth-walled sporangia, and tw'o Olpidiopsis resting 
epoTcs X 70 (b) Pseudolpidium spiny-walled resting spore type of sporangium 

seen in surface view. X 200. (c) Large elliptical spiny-walled sporangium of 

the type that is freepiently figured as belonging to P. fusifonne. X 95. (d) 

Spin> sporangium, in median plane, show’ing the* formation of the germination 
tube X 1(K). (e) Krnpt}^ spherical spiny type eif 8pe)rangium show ing germina- 

tion tube* and the aase)ciated smooth-walled cell still containing some pre)te)pla8m. 
X 115 (f & g), (), Saprolcgniae. (f) Typical terminal infcctiein of host hypha 
by this spe*cies. X 70. (A terminal infee*tie»n swelling similar to this is al8e> 
typical of O. vexans ) (g) Single empty spiny-walled sporangium showing the 

fine, shen t spines. X 270. (h) O. rexaas. Speirangium showing few, irregularly 

scattered wart-like deposits fenmd on semie sporangia of this species. X 225. 

larger, broader, and more elliptical, and cause much more of a swelling 
of the host hyphae than do those appearing alone in .cultures of 0. 
f^isiformis. The spin(\s on sporangia of 0. fusiformis are also much 
straighter and mon' coarse (compare Text fig. Id and Text fig. 2f). 

Still oth(*r spiny zoosporangia may be perfectly spherical and be 
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covered with long slender spines. Often these large spherical sporangia 
have small, smooth, thin-walled cells associated with them and present 
the appearance of Olpidiopsis resting spores (Text fig. le). The proto- 
plasm in these smooth-walled adjacent cells, however, docs not pass over 
and fuse with that in the larger spiny one, but instead disintegrates so 
that often when the sporangium has germinated, some residue can still 
be seen in this accompanying cell. This spiny spherical type of sporang- 
ium just described is of particular interest because it shows more clearly 
the morphological relationship in the origin of the ordinary zoosporangia 
in Olpidiopsis to that of the resting spores. 

The germination of the Pseudolpidium type spiny zoosporangia 
appears to be identical with that of the smooth-walled ones and tlu* 
former seem to possess no more resting characteristics than do iho 
latter. This is more clearly brought out when cultures heavily parasit- 
ized are allowed to dry. When this is done, the contents of both the 
smooth-walled and spiny-walled zoosporangia shrink away from the 
sporangial wall in an identical manner, and within a short time disint(‘- 
grate, while the protoplasm in the true Olpidiopsis varians resting spores 
remains alive for a long time, and if sufficiently mature can be ger- 
minated. 

Further proof that the spiny Pseudolpidium type resting spores are 
not resting spores but are, in reality, just sporangial variations of a true 
Olpidiopsis is brought out by the germination of the Olpidiopsis resting 
spores. If the resting spores of Olpidiopsis varians that are sufficiently 
aged are carefully drawn up into a pipette from an old culture and placed 
in a drop of fresh water, they will germinate almost immediately. If 
clean young cultures of the host are added to the fresh water in which 
the germinating resting spores are found, they soon become infected by 
the zoospores formed by the germination of these structures. This 
infection will, in time, produce all of the sporangial tyi)es of both 
Olpidiopsis and of Pseudolpidium and, in addition, tlu^ tru(^ resting 
spores of Olpidiopsis varians. 

The large smooth and spiny-walled structures described as the zoo- 
sporangia and resting spores respectively of P. Saprolegniae do not 
therefore belong to a distinct plant, but are merely variations in th(‘ 
sporangial types of a good Olpidiopsis. They have appeared most 
abundantly in my cultures of 0. varians^ but when first observed and de- 
scribed by Fischer (1880, 1892) as belonging to Pseudolpidium^ they were 
probably sporangial variations of Olpidiopsis Saprolegniae (A. Braun) 
Cornu. This is thought to be the case because the deposits referred to 
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as spines seen rarely on the sporangial walls of 0. vexans Barrett are 
more wart-like and it is therefore unlikely that it was this species. The 
terminal hyphal swellings figured by Fischer (1880, Taf. X, fig. 5, 6, 7; 
1882, Taf. XIII, figs. 2 & 3) containing the smooth and spiny-w^alled 
sporangia are the type produced typically by either 0. Saprolegniae or 
by 0. vexans^ but the spines are of the 0. Saprolegniae type. 

Earlier Cienkowski (1855) and Pringsheim (1860) had figured both 
the smooth and spiny-walled sporangia which appear to be those of 
0, Saprolegniae^ but neither author correctly understood the nature of 
the structures with which he was dealing. Pringsheim figured in addi- 
tion a resting spore with the companion cell typical of Olpidiopsis. 

(B) Pseudolpidium fusiforme (Cornu) Fischer 

Of all the species of Olpidiopsis and Pseudolpidium that have been 
reported collected together, 0. minor and P. fusiforme seem to appear 
the most frequently. 

Cornu (1872) originally described the sporangia of his Olpidiopsis 
fusiformis as being most frequently fusiform or linear in shape and as 
being smooth-walled. The resting .spon^s he described as having broad 
tapering spines and having a thin, smooth-walled companion cell. 

When Fischer (1880) first found the fusiform sporangia of this species, 
he also found fusiform spiny bodies and, since he did not find the resting 
bodi(*s as had been described by Cornu, concluded that these must be 
the nesting spores of 0. fusiformis. After discovering a true member of 
th(» genus Olpidiopsis later, Fischer (1892) concluded that two plants 
were involved in Cornu’s orignial description of 0. fusiformis. The one 
of these P^ischer described as having fusiform smooth-walled sporangia 
and fusiform spiny-wall(‘d r(\sting spores, and named it Pseudolpidium 
fusiforme (Cornu) Fischer. This was the plant that he had observed 
earlier. The other plant Fischer characterized as having small, more 
spherical or oval smooth-walled sporangia and the type of. resting spore 
as described by Cornu. For this plant Fischer proposed the name 
0. minor. He says, furthermore, that these two forms seem always to 
appear together and cites to substantiate this statement the observa- 
tions of Cornu (1872) and of Reinsch (1878) also. 

Butler (1907) has reported 0. minor from India but in his plant the 
sporangia were described as being larger and similar to those of P, 
Saprolegniae, from which, he says, they could not be distinguished. 

Petersen (1910) has obtained 0. minor and P. fusiforme together from 
D('nmark (Sealand and Jutland) but failed to find any of the Pseudolpid- 
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tumfusiforme spiny resting spores. Von Mindcn (1915) also states that 
P. fusiforme is often found with O. minor. 

Sparrow (1932) has collected both 0. minor and P. fusiforme from 
Cold Spring Harbor. He does not mention their over appearing to- 
gether in the same culture but says that some of the zoosporangia of 



Text Figure 2 Olpidiopsis fusiformis Cornu (a) Hyphal tip rontaininK 
five sausago-shaped sporangia of the Pseudolpidium fusi forme type X 70 (b) 

Hyphal tip containing in addition to the P fustforrne type, small oval sporangia 
and resting spores typical of O minor X 70 (c) A hyphal enlargement shou- 

ing fusiform sporangia of the P fusifoimi type and resting spoies of () minor 
type X 70 (d) Swollen hyphal tip shoeing typical O minor infection contain- 
ing the small sporangia and resting spores X 70 (e) A single O minor oval 

type of resting spore showing the broad taiienng spines and the smooth-walled 
companion cell X 350 (f) Spiny-walled sporangium of the P^iudolpidium 

resting spore type showing scattered prominent spines X 140 

0. minor possess spines. Tokunaga (1933) reports them both from 
Japan and found them frequently occurring togidher 
Matthews (1935) reports P, fustforrne and 0. minor from Mountain 
Lake, Virginia, both growing on hyphae of the same collection of Achlya 
fUigelUita. They have appeared together invariably in my cultures, and 
the spiny-walled Pseudolpidium resting spore type* wcTe found almost as 
abundantly as the smooth-walled fusiform sporangia 
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For the study to determine the relationship of this species, mono- 
sporangial and single spore isolations were made in the same manner as 
was done for the study and determination of P. Saprolegniae, and the 
results have been very similar. The first type of sporangia produced 
by the spores from a monosporangial transfer from any of the sporangial 
types are usually the fusiform ones, most commonly the smooth-walled 
type. If only a few spores infect a hyphal tip, very little if any enlarge- 
ment takes place, the sporangia are sausage-shaped to fusiform, and if 
no further (Tiltural studies were made, the immediate diagnosis would be 
P. fusiforme (Text fig. 2a). As these sporangia germinate, howev(T, 
the infection brought about by these spores produced the typical more 
abundant, smaller sporangia and resting spores in the swollen hyphal 
tips characteristic of 0. minor (Text fig. 2d). In a good many infections 
the fusiform sporangia, the small, more oval sporangia, and the resting 
spores of 0. minor all appear together (Text fig. 2c). In other instances, 
the hyphal tip may be swollen and contain only fusiform sporangia and 
th(' O. minor type resting spores (Text fig. 2b). 

The resting spores of the isolato of 0. minor which I have studied are 
more frequently oval than spherical but have the broad tapf'ring spines 
characteristic of this species (Text fig. 2e). The spines on the spiny 
sporangia are not usually as numerous as are those on the spiny-w^alled 
sporangia discussed under the preceding species (Text fig. 2f). The 
int (Testing gradation between smooth- walk'd and spiny-walled sporangia 
is not so clearly evident as it was in the case of 0. various. Neither are 
all of the spiny s])orangia fusiform or linear, but spiny sporangia may 
frequently be oval or nearly spherical as were those reported by Sparrow 
(1932). The v(Ty large spherical spiny sporangia with the functionless 
adjacent cell d(\scribed under O. various have not been observ^ed in 
(‘ultures of (). minor. 

In the tight of thc'.se observations, it becomc's n('(‘(\ssary to recombine 
0. miyior Fischer and P. fusiforme (Cornu) Fischer under the original 
name give by Cornu, Olpidiopsis fusiformis, since what have been 
d('scribed as the smooth-walled sporangia and spiny-walled resting 
spoH's of P. fusiforme are merely sporangial variations of the same 
Olpidiopsis. 

(C) Pseudolpidium Aphanomycis (Cornu) Fischer 

The problem involved relating to the validity of P. Aphanomycis ^ 
as it has developed from my cultures, is not the same as that for the 
tw^o species just discussed. In the former two, the Pseudolpidium 
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resting spores have turned out to be sporangial variations which had 
been misinterpreted originally. In the case of this species on Aphano- 
mycesy the structures thought at first to be resting spores of P, Aphano- 
mydsy upon careful examination, have proven to be inadvantageously 
oriented resting spores of Olpidiopsis luxurians Barrett (Text fig. 3, b & 
d; Plate 26, fig. 5, 5a). The h3rphal enlargements produced by this 
parasite are usually in a different position on the hypha from those of 
the other species and are more spherical so that the resting spores are 
frequently found in such a position that the companion cell does not 
show. Therefore, at first, many of the resting spores appi^ared to lack 



Text Figure 3. Olpidiopsis luxurians. (a) A terminal hyphal enlargement 
containing a single germinating sporangium. X 125. (b) Hyphal enlargement 

with one improperly oriented resting spore appearing as a resting spore of P. 
Aphanomyds. X 500. (c) Warted-walled resting spore of type described by 
Petersen for O. Aphanomyds. X 400. (d) Terminal hyphal enlargement 
containing a typical 0. luxurians resting spore. X 400. 

this structure and were suspected of belonging to Pseudolptdium Aph- 
anomycis. It was only by dissecting these resting spores out, and by 
placing them in a drop of water so that they could be turned about, 
that the companion cell could be demonstrated in many instances. 

The companion cell to the resting spores of this species on Aphano- 
myces is also so thin-walled that it frequently becomes collapsed in such 
a manner that its position is often difficult to determine among the spiiu's 
on the resting spore. 

The figure of the resting spore of Olpidiopsis Alphanomycis givi'ii by 
Dangeard (1891, PI. 4, fig. 11) shows no companion cell and has been 
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ooiuadered to beji resting spoite of P. Aj^nomyeu by Butler (1907). 
Butler hiniedlf fo^nd only one spiny structure in his cultures of PaeudfA- 
pidium 4pli<Mtofngc^, but because it getminsted so soon after it was 
formed, he questioned its being a resting spore and felt that what 
Dangeard had figured was likely Ibe true resting ^re of tbis iqiecies. 
After oonsidarable observation on cultures of 0. luxuriang and a earful 
examination of Dangeard's figure, it seems likely that whKt Dangeard 
has shown was an OlpidwpsU testing spore whose companion cell was 
on the opposite side from that observed, or was a resting spore of P. 
Pylhii Butler as is intimated by Minden (1915). Butler's spiny body 
was undoubtedly a spiny-walled soosporaopumr, probably of ibis 
species also. 

When Cornu (1872) named the species that he found on Apharuh 
myeea, he was unable to find the resting spores. He was forced, then, 
to place this plant in the genus Olpidiopaia chiefly on the characteristics 
of the sporangia, since they were similar to those of the other species 
studied. Petersen (1910) described the resting spores of 0. Aphano- 
mycis as being similar to those of 0. Saprokgniae (Cornu) Fischer, but as 
being somewhat smaller. This description was based on a single resting 
spore. Fischer (1892), in the meantime had transferred Cornu’s plant 
doubtfully to PaeudUpidiutn. When Butler (1907) reported P. Aphan- 
otnyda from India, there was firmly established in the Uterature these 
two similar paTadtes occurring on Aphanomyeea. Barrett (1912) 
added a second species to tbe genus Olpidiopaia which parasitiaes Aph- 
anomycea when he reported 0. luxuriana. 

In my cultures of 0. luxuriana, the spines on the resting spores are in 
some cases reduced to such an extent that they are merely warts, and so 
might very easily fit Petersen’s description of the resting aporea of 
0. Aphanomycia (Text fig. 3c). Since this is the case, and if both 
Petersen and Barrett were dealing with the same pbmt, it is unfortunate 
that the dngle resting spore found by Petersen should have been tbe 
uncommon warty type. It is, therefore, quite possiUe that Cornu 
(1872), Dangeard (1891), Butler (1907), Petersen (1910), and Barrett 
(1912) were all woricing with the same species, and if this be true, it 
should be considered under the original name given by Cornu, evea 
though the description which he gave was incomplete. Whether this 
possibility should prove correct may be cleared up by the cdlection and 
study of a larger number of isolates of Olpidiopaia occurring on Apha- 
nomyeea. 
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SIBCtJBSION 

Hie relationship between certtun members of the genus Paeudolpidium 
and members of the genus Olpidiopaia is clearly brought out in the fore- 
going cultural studies. However there still remain several species of 
the genus Paeudolpidium that have not been treated, species that so far 
have not been collected here. Nevertheless, it would seem in order to 
review what is known about these and to consider their status since the 
validity of the genus Paeudolpidivm is very questionable. 

When ilscher (1892) transferred P. glenodinianum and P. Sphaeritae 
to Paeudolpidium from Olpidium, the resting spores were unknown, and 
the change was based on the characteristics of the sporangia and the 
soospores. Since the resting spores are the diagnostic structures sepa- 
rating Olpidiopaia and Paeudolpidium, these two species might quite 
possibly be good members of the genus Olpidiopaia when their resting 
spores are discovered. Von Minden (1915) more correctly treats these 
two species when he includes them questionably in the genus Paeudolpid- 
ium, placing in this same category P. (?) deformana Serbinow. It 
would seem even more correct now to consider these species question- 
ably as belonging to the genus Olpidiopaia rather than to Paeudolpidium. 

Fischer's transfer of Olpidiopaia incraaaata Cornu to the genus Pseud- 
olpidium, even though done doubtfully, seems unjustified, for this 
species should in all probability remain in the genus Olpidiopaia where 
originally placed by Cornu. Even though Cornu (1872) could not 
demonstrate clearly a companion cell in all cases, his fig. 12a, shows 
what seems most certainly to be a companion cell to the resting spore. 
The structure of the resting spores also indicates a species of Olpidiopaia. 

It is, therefore, evident that none of the species placed in the genus 
Paeudolpidium by Fischer (1892) can remain there unquestionably. 
Some must be combined with certain species of Olpidiopaia, and those 
whose resting spores are unknown probably belong in this genus also. 

Butler (1907) has described two species of Paeudolpidium found 
parasitising Pythium, P. Pythii and P. gracile, whose characteristics 
answer those origpuially given for this genus. Butler reports that a 
starved resting spore sometimes persists beside a vigorous spiny one in 
P. Pythii so that these structures simulate the companion cells found in 
Olpidiopaia. He clearly points out the fate of these, showing that they 
do not function as antheridia as do the companion cells of Olpidiopaia. 
It is hoped that both of these species may be collected soon for they need 
more critiealiB^y. Another species, P. ateUatum described by Sawada, 
and tramigitBd from the Japanese by Tokunaga (1933), also needs to be 
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studied noore czitioally before its systematic position can be accepted 
with certainty. 

Of all the species that have been placed in the genus Paevtdolpiditm, 
the ones that seem the most valid are those described by Butler (1907). 
Although some combinations of species of Paevdolpidium and Olpidiop- 
ais have been made in this paper, and a reconsideration of others is 
suggested, a redescription of the genus Olpidiopaia to include the Paeud- 
olpidium resting spore type of sporangia will be left to another paper 
now in preparation, which treats the genus Olpidiopaia taxonomically. 

SUMMARY 

In a monosporangial and single spore isolation study of collections 
originally appearing to be species of Paevdolpidium and Olpidiopaia, 
it has been found that all isolates appearing as Paevdolpidium have, by 
continued cultural study, turned out to be Olpidiopaia. The spiny 
resting spores described for Paevdolpidium have been found to be either 
the spiny soosporangia or misinterpreted resting spores of the various 
Olpidiopaia species as follows: 

a) Paevdolpidium Saprolegniae resting spore types have been found 
occurring abundantly in monosporangial cultures of 0. variana, 
and frequently in cultures of 0. Saprolegniae Cornu, the species 
to which these Paevdolpidium structures likely belonged when 
described. What might loosely be termed spines on the sporangial 
walls of 0. vexana Barrett are merely wart-like deposits. Paevd- 
olpidium Saprolegniae is, therefore, not a specific fungus but a 
combination of sporangial forms of authentic species of Olpidiopaia. 

b) Paevdolpidium fuaiforme zoosporangial and resting spore t 3 rpes 
are only sporangial variations that appear in cultures of Olpidiopaia 
fuaiformia Cornu. Olpidiopaia minor Fischer is likewise not a 
distinct species, and must be recombined with P. fuaiforme under 
the origiiud name assigned by Cornu. 

c) Paevdolpidium Aphanomycia resting spores appear to be only 
inadvantageously oriented Olpidiopaia luxvriana resting spores 
or those whose companion cell has collapsed in such a manner 
that it is difficult to be detected among the spines of the resting 
spore. The question is also raised as to whether more than one 
species of Olpidiopaia occurs on Aphanomycea or if. 0. Aphano- 
mycia and 0. luxuriana are not the same species. 

The remaining Paevdolpidium species are reviewed and their status 
discussed. None of the species originally placed in the genus when it 
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was established can remain unquestionably as Peeitdolpidium species. 
The continuance of the genus seems to rest on only two species, P. 
Pylkii and P. gracile, both described by Butler. Even these two species 
need further critical study. 

A redeseription of the genus Olpidiopeie to include the spiny spo- 
rangial types described as resting spores of certain species of Peeudolpid- 
ium is necessary, but is being left to another paper. 

In conclusion the writer wishes to express his sincere appreciation to 
Dr. W. C. Coker, under whom this study has been undertaken, for his 
helpful suggestions and interest in the problem, and to Dr. J. N. Couch 
for his advice and suggestions on certain phases of the investigation. 

Dbpartiodnt or Botany, 

The Univeesity of North Carolina, 

Chapel Hill, N. C. 
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EXPLANATION OF PLATE 25 

Fig. 1. 0. vexans. Terminal enlargement of hypha of Saprolegnia litoralia con- 
taining one resting spore; three smooth-walled sporangia, two of which 
are germinating; and two sporangia on whose walls are irregularly 
scattered wart-like deposits, one empty^ and the other not yet beginning 
to germinate. X 123. 

Fig. 2. 0. ftLStformta. Hyphal tip infection in Achlya imperfecta showing smooth 
and spiny-walled fusiform sporangia of the Paeudolpidium faaiforme 
type; small oval smooth and spiny-walled sporangia; and two resting 
spores. X 123. 

Fig. 3. 0. variana. Terminal swelling of Achlya flageUcUa hypha showing smooth- 
walled sporangia of various sizes; two sporangia with scattered sharp 
spines; one very densely spiny sporangium; one very large sporangium 
whose spines are reduced to small wart-like deposits; and one resting 
spore. X 123. 

Fig. 4. 0. SaprnUffniae, Terminal enlargement of hypha of Saprolegnia ferax 
showing one smooth-walled sporangium; two spiny-walled Paeudolpidium 
resting spore type sporangia, one in median plane and the other in surface 
view; and one resting spore of this species. X 123. 

Fig. 5. 0. luxuriana. Two intercalary swellings of a hypha of Aphanomycea 
laeviaf one containing an empty sporangium and the other a typical 
resting spore of this species. 5a. A terminal swelling of an Aphanomycea 
hypha containing two sporangia and one resting spore. The resting spore 
is oriented to give the appearance of being a Paeudolpidium resting spore 
since companion cell is on opposite side. X 175. 






NEW MITES FROM WESTERN NORTH CAROLINA 
By Arthub Paul Jacot 
Plate 26 

The following species were obtained from litter samples taken from 
the Bent Creek Experimental Forest (ten miles south of Asheville on 
the Brevard road), which were taken to endeavor to determine the 
extent and rdle of the fauna of litter in causing litter reduction. The 
types are to be deposited in the U. S. National Museum. Figures of 
species not here illustrated are in my files and are to appear in a more 
comprehensive publication. 

Cultroribula divergens sp. nov. 

Distal end of lamellae directed laterad; anterior edge of rostrum 
drawn downward in two attenuate cusp with the area between them 
(as seen in dorsal aspect) thinly sclerotized; anal and genital aprtures 
close together; abdomen quite rotund; tectopedia I well develop^, 
forming a bulge in dorsal outline of sides of cephaloprotborax; rase 
varying in length from 0.23 to 0.24 mm., in breadth from 0.16 to 
O.lfe mm. 

Cotypes: One hundred seven specimens from Andropogon field’ 
herb-moss interspaces between grass plants. Case Place, Bent Creek 
Exp. Forest; taken February 6tb, slide 34F24-8. 

No individuals were obtained from the grass clumps. 

Cultroribula trifurcatus sp. nov. 

Distal end of lamellae directed anteriad though slightly more distant 
than further back; anterior edge of rostrum ^awn forward in three 
attenuate cusps (trifurcate) as seen in dorso/ventral aspects; anal 
and genital apertures distant more than half len^h of genital aperture; 
abdomen somewhat flattened posterolaterally but quite broad; tecto- 
pedia I not forming a bulge in dorsal outline of sides of cephaloprotborax; 
sise smaller and more slender: total length 0.214 to 0.2^ nun., breadth 
0.128 to 0.14 mm. 

Cotypes: four specimens from dogwood (Comus) litter, thirty-year- 
old field south of bunk-house. Bent Creek Exp. Forest; taken September 
20th, sUde 34F4.3-54. 
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OppU eloagata 

Oppia dongata 4, p. 11, I rename Oppia parviaures nom. nor. since 
Dameosoma elogantum corrected on plate legends to D. eUmgatum 6, 
p. 43, is an Oppia. 

Oribotritia virginiensis 3, p. 257, pi. 42 

Original figure 77 is correct except that the interrogation points on the 
aspis should be changed to minute circles to represent the rostral and 
lamellar bristle insertions. This posterior and lateral position of the 
rostral bristles is most unusual. In lateral aspect the pseudostigmatic 
organs look like a black spot because they are viewed end on. The 
fine combing of the notogaster makes the animal appear iridescent in 
life and in alcohol. The pocking is faint and appears to be on the inside 
of the body wall. 

I have several specimens from various litter samples from the Bent 
Creek Exp. Forest. 

Euphthiracarus pulchrus pisgahi subsp. nov. 

Differs from the species (3, p. 250, pi. 39, fig. 59) in having pseudo- 
stigmatic organs somewhat wider but with almost smooth head; ano- 
genital plates pocked over their entire surface. 

Cotypes: Six specimens from oak litter, east slope of ridge above 
Poplar Cove; Bent Creek Exp. Forest; taken July 15th, slide 35F6.2-37. 

Phthiracams apiculatus sp. nov. 

Aspis with rostrum projecting beyond rim; carina absent; rostral 
bristles not unusual; vertex bristles not evident; pseudostigmatic organs 
oval, eyed, distal end <kawn out into a h3raline, sharply pointed, down- 
curved apicule which is nearly as long as body of oi^an; notogaster 
oval, not high, tan to greenish grey (in small specimens), bristles fine, 
below medium length, depressed, angled proxim^ of middle, al usually 
near edge of collar; no accessory plate spoon; ventral plate with small, 
weU q)aced denticles; genital covers with anterior edge only slightly 
swollen; anal cover bristles 11:1 to 11:3 not visible in lateral aspect, 
1:1 and 1:2 widely spaced, 1:2 much longer than 1:1; diagonal length 
of notogaster 0.37 to 0.58 mm. 

CotjHpes: Forty-ei^t specimens from oak litter, old growth stand, 
compartment 20, along brook, Bent Creek Exp. Forest; taken August 
12th, slide 35F8.2-74. 
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Phtiiincarus setanus sp. nov. 

Aspis with very slender, nonprojecti^ rim; carina absent; rostral 
bristles not unusual; vert» bristles springing from a definite swelling, 
arched, just visible in lateral aspect; pseudostigmatic organs bng, 
rodlike, pointed like a lead pencil, bent near pmudostigmata, dist^ 
third slightly more swollen tlm proximal two-thirds; notogaster oval, 
not hiidi, bristles rather long, the longest about equal to length of 
genital covers, al near edge of collar; ventral plate denticles small; 
accessory plate without spoon; anterior edge of genital covers barely 
swollen, the bristles quite conspicuous; anal cover bristles 1:1 and 1:2 
much shorter than 11:1 to 00:3, 11:2 inserted n^ transverse plane 
passing through 1:2, 11:3 distant from median edge of cover; diagonal 
length of notogaster 0.5 to 0.65 mm. 

Cotypes: Eight specimens from litter of laurel sUck, north side of 
Shut-in-Ridge, east of Wataut Cove, Bent Creek Exp. Forest; taken 
May 8th, slide 35F1.4-31. 

Somewhat resembling Ph. boresetostia but bristles shorter; with ventral 
plate denticles; length of anal cover bristles the reverse; no accessory 
plate horn. 


COCCORCHESTES 5, p. 573 

Paul H. Oehser, editor of the U. S. National Museum, has kindly 
called my attention to CoceorthetAes T. Thorell 1881 (Ann. Mus. Genova, 
vol. 17, p. 671, Araneina). 1 therefore propose as substitute for the 
generic name of the mite, Coccorehestes humicolua, the generic name 
OehaerchesUa nom. nov., making OehaercheHea humicolua comb. nov. 

Histiostoma decemvirgae sp. nov. 

Abdomen considerably broader and higher than cephabprothorax; 
dorsal face with four pairs of conical apophyses each bearing a long, 
stout, backward curved bristle the length of which is nearly equal to 
breadth of abdomen, cephaloprothorax with one pair; ventral suckers 
broad-ovate; tarsi long and riender, tibiae longer than broad (tilnae 
I tyrice as long as bro^); genuals one and a half times length of tibiae; 
tibiae with dorsal bristle long and stout, as long as dorsal bristles; 
sensory club inserted on proximal edge of tarsus, depressed, close to 
face 01 tarsus; ventral face with three of the usual spines, one at distal 
end, one slightly distad of distal fourth, and one at center; hind tarsi 
longer than tarsi I, bristles similar but with dorsal face bristle at 
proximal instead of distal fourth; mandibles acicular, palp bristles 
rather short; total length of adult females 0.2 mm. 
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Ck>type8: Two specimens from litter of old woodland of a thirty-five 
degree, south slope, Bent Creek Exp. Forest; taken June 17th, slides 
3SF4.2-la and -31. 

Tire ten long, stout dorsal bristles, standing high above the body, 
make this tiie most easily recognised described American Histiostoma. 

Hlstiostoma tesselata sp. nov. 

Figures 1 and 2 

Abdomen dqrressed, posterior end blimtly tapering, sides with fiat 
wing^e expanses overhanging the legs, middle area of dorsum areo- 
lated, bristles ve^ fine, straight; posterior ventral suckers short, oval, 
sanall end anteriad; mouth parts directed forward; rostrum broad, 
truncate in dorsal asp^t; palps lai^ transverse, their bases encompass- 
ing the slender mandibles; anterior bristles of palps long, directed 
upward, posterior bristle quite short; mandibular bristle short, incon- 
spicuous; tarsi 1 not taper^ or constricted, sensory club small, inserted 
at proximolateral edge of tarsus, not noticeable in lateral aspect; total 
len^h of body (including palps) 0.26 mm., of abdomen 0.15 mm., 
breadth 0.11 mm. 

Cotypes: Three specimens from rift of oak litter, 200-year-old woods, 
Shut-in-Bidge (station 17, compartment 5), Bent Creek Exp. Forest; 
taken June 11th, slide 35iraX-9. 

This lot also included two other specimens on slides 35F3X-7 and -18. 


Histiostoma verrucogenicula sp. nov. 
Figures 6 to 9 


Abdomen broad, rectangular, with an irregular, median hump, the 
bristles short, bent, depressed; cephaloprothorax much narrower than 
abdomen, anterior end truncate; mouth parts broad, directed downward 
so as to be barely visible from above; mandibles acicular, bristle short; 
anterior bristle of palps long, stout, extending ventrolaterally well 
beyond legs I; postenor bristle of palps short, strongily recurved; 
ventral suckers eloi^te-ovate (quite slender), extending mesad of 


legs III and IV, the broad end posteriad; leg bristles well developed, 
sensory club appears to be inserted in a notim cut out of dorsolateriu 
edge of tibiae, thus appearing to spring from distal end of tibiae in 
lateral aspect; dorsoproximal end of tarri I with a large wart (excres- 


cence) cmnposed ai four or five transverse, crowded ridges; total 
length of bray 0.34 mm., of abdomen 0.2 mm., breadth 0.18 mm. 


Cotypes; Four spedmens from mull litter of Rocky Cove, Bent Creek 
Exp. Forest; takra September 8th, 1934, slide 34F1-4. 

TVo immatures (?) from Ldriodendron litter of a south cove, Shut-in- 
Ridge (B.C.E.F.); t^en June 17th, sUdes 35F4X-37, 35F4.2-28. 
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v Histiostoma vatraca sp. nov. 

Figures 4 and 5 

Length of females 0.25 to 0.29 mm., of males 0.18 to 0.2 mm.; skin 
granular; body oblong, with posterior bulge, dorsoposterior face of 
abdomen with a fairly large excrescence, ov^ in dorsfd aspect; bristles 
short, nearly straight, tapering rapidly; ventral suckers eloi^te, one 
between legs II and 111, one mesad of legs IV, parallel to median plane; 
sensory club inserted on posterior edge of tarsus; leg bristles short, 
except distal which is slightly over half the length of tarsus; mandibles 
needlelike (unhooked), untoothed, bristle long, curving well beyond 
sides of rostrum; palp bristles long, fairly stout; males with posterior 
end of abdomen produced as two prominent, clear edged, semicircular 
lobes (recalling Histiogaster when seen in dorso-ventral aspects) the 
posterior edge of which bears a minute bristle inserted laterad of center 
of lobe; the four suckers close to median plane, oval, the anterior pair 
separated from the posterior pair by their own length. 

Cotypes: Two females from litter of old woodlwid of a thirty-five 
degree, south slope. Bent Creek Exp. Forest; taken June 17th, slide 
36F4.1-2. 

Most closely related to the European H. fimetarius as figured by 
Berlese (1, fasc. 9:7), but easily recognized by the rather large median 
pea-wart on posterior end of its back. 

Although the commonest litter Histiostoma of this region it is un- 
common. With the cotypes (but mounted on different slides) were 
fourteen additional females and three males. Another lot from a 
northern cove (Rocky Cove), contained three females and one male. 

Macrocheles (Copiholaspis) appalachicos sp. nov. 

Bristles of dorsum numerous, fine, ovwlapping, more numerous 
behind, no particular shoulder bristles; hypostome with a prominent, 
stout median spine, anterior edge finely sawtoothed to smooth; sternal, 
genital and anoventral scutes faintly, coar^y areolate, the areolations 
on sternal scute usually forming concentric semiovals culminating in 
the “linea oblique anteriores,” the anterior ends which are as ap- 
proximate as they are distant from the ingular bristles; ingular and 
metasternal scutes fused to sternal; epigsm^ scute broad; anoventral 
scute in males fused to sternal and to peritremal, in females distinct, 
extending laterad as far as does the peritremal; no repugnatorial pores; 
no porose (punctate) areas; sculpturing of anogenital scute resembling 
fish scales; tarsi I retain a diminutive ambulacrum with the usual two 
nails, half the len^h of terminal bristles; tarsi II of females with seven 
stout spinelike bristles (five ventral, two dorsal) ; distal end of horn of 
male femur II three-ridged; femora IV unarmed; prorimoventral edge 
of tarsi, tibiae and genuals denticulate; size variable: total length of 
dorsal shield of females 1.3 to 1.65 mm., breadth 0.8 to 1.0 mm. 
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Cotypes: Two males and a female from deciduous litter west side of 
ridge above Poplar Cove, Bent Creek Exp, Forest; taken July 29th, 
slide 35F7.1-26. 

Most closely related to Af, bihastaius 2, p, 286, fig. 1, differing in 
absence of the two lateral teeth, in absence of shoulder bristles, the 
greater armature of female tarsus, and the much greater size. 

Twenty-four other adults from ten lots of forest litter of various t 3 rpes 
about the Bent Creek area are before me, never more than four per 
square foot. This species may thus be regarded as thinly sprinkled 
about the forest floor of this region. 

Nobtheastbbn Forest Experiment Station, 

New Haven, Connecticut. 
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PLATE 26 

HlsUostoiiita tesselaUi sp. nov. 

Fig. 1. Lateral aspect of cephalon and leg I; X500=b 
Fig. 2. Dorsal aspect of^phalon; X500:i: 

Fig. 3. Dorsal aspect of abdomen (sketch); X318d= 

Histiostoma verruca sp. nov. 

Fig. 4. Ventral aspect of mouth parts (right half); X668d: 

Fig. 5. Lateral aspect, conspicuous bristles only; X318dk 

Hiattostoma verrucogenicula sp. nov. 

Fig. 6. Dorsal aspect of right tibia I, showing wart and clavate bristle; X5CO± 
Fig. 7. Mesal aspect of same; same mag. 

Fig. 8. Lateral aspect of cephalon and leg I; X500=t 
Fig. 9. Dorsal aspect of mouth parts; X500ds 





THE ADMINISTRATION OF LARGE DOSES OF ASCORBIC 
ACID AND OF METHIONINE TO THE CYSTINURIC* 

By jAMiiB C. Andbews and Kathleen C. Andrews - 

The ^ect of administration of methionine on the cystine output of 
the cystinuric subject has been reported during past years by several 
investigators with somewhat divergent results. Brand, Cahill, and 
Harris (1) have reported a marked increase in daily cystine excretion 
while Andrews and Rmidall (2), working with a preadolescent cystinuric, 
found that the administration of the same amounts of methionine as 
employed by Brand and co-workers produced very little extra cystine. 
Later experiments by Brand (private communication) on a younger 
(preadolescent) sister of his former cystinuric subject showed no ap- 
preciable increase in cystine output. Lewis, Brown, and White (3) 
reported, from a similar experiment, an increase in cystine excretion 
intermediate between the results of Brand and co-workers and those of 
Andrews and Randall. A recent report by Hess and Sullivan (4) 
indicates that in their hands the feeding of methionine to a cystinuric 
produced no increase in cystine excretion. 

Since cystinuria is essentially a defect in some biological oxidative 
mechanism, it appeared possible that the positive results obtained in 
some cases with methionine, cysteine, etc., might be due to the intro- 
duction into the organism of large amounts of a reducing substance. 
The ease with which methionine is demethylated mak^ its use practi- 
cally equivalent to that of a correqx>nding amount of homocysteine. 
Hence the administration, instead, of large doses of ascorbic acid 
(Vitamin C) appeared to be a means of testing the hypothesis. More- 
over, the fact that we have yet available the same cystinuric subject 
(now aged 16) as that used three years earlier by Andrews and Randall 
(2) makes a repetition of methionine administration a matter of interest. 

Table I shows the results in terms of 24-hour output obtained from 
an experiment extending over about 5 weeks. During this time the 
subject was on a rigidly controlled diet as indicated by the4otal nitrogen 
figures. 

* An abstract of this paper was published in the Proceedings of the American 
Society of Biological Chemists, March, 1938. 



TABLE I 

Bffeci of administraiion of cyMtine, mothionine and ascorbic add on the urinary 
output of cyetine in the cyetinuric 
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0.76 

0.416 
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0.83 
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0.143 
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13.0 
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0.79 
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0.6 
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0.78 

0.436 

0.254 

58.4 

0 i 

0.163 

364 

871,0 

6/3 

1,000 

7,16 

0.85 

0.452 

0.279 

61.7 

0 

0.165 

330 

2,380.0 

5/4 

800 

7.10 

0.81 

0.399 

0-237 

59.4 

0.040 

0.142 

316 

44.0 

6/6 

900 

6.93 

0.78 

0.391 

0.239 

61.1 

0.065 

0.140 

310 

30.1 

6/6 

860 

7.01 

0.83 

0.388 

0.243 

62.6 

0.116 

0.131 

296 

39.5 

5/7 

890 

6.90 

0.76 

0.425 

0.252 

59.3 

0.128 

0.150 

312 

22.8 

6/8^ 

810 

7.08 

0.78 

0.423 

0.264 

62.4 

0.114 

0.142 

320 

0.8 

5/9« 

930 

7.22 

0.79 

0.692 

0.488 

70.5 

0.13 

0.168 

373 

1.2 

6/10 

990 

7.36 

0.77 

1.302 

0.970 

74.3 

0.156 

0.192 

445 

1.3 

5/11 

840 

7.18 

0.73 

0.678 

0.385 

66.6 

0.106 

0.151 

358 

0.9 

6/12 

800 

6.92 

0.78 

0.431 

0.283 

65.6 

0.120 

0.144 

312 

1.1 

6/13 

940 

7.03 

0.81 

0.412 

0.249 

60.5 

0.104 

0.138 

342 

1.3 


^ 5 gm. cystine fed, 8 A.M. 

* Ascorbic acid fed: 1 gm. at 8 A.M. and 1 gm. at 1 P.M. 

> Ascorbic acid fed: 1 gm. at 8 A.M., 1 gm. at 1 P.M. and 1 gm. at 7 P.M. 

* Water drinking for production of diuresis. 

* Ascorbic acid fed: 2 gm. at 8 A*.M., 2 gm. at 1 P.M. and 1 gm. at 7 P.M. 

* Ascorbic ^id fed: 2 gm. at 8 A.M., 2 gm. at 1 P.M. and 2 gm. at 7 P.M. 
^ 2 gm. dl-methiopine fed, 7 A.M. 

* 6 gm. dl-methionine fed, 7 A.M. 
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A preliminary administration of 5 giQ. cystine (April 10) was used to 
demonstrate again the extent of conversion of cystine to inorganic 
sulfate. After several days, ascorbic acid was administered by mouth, 
2 gm. on April 17 and 3 gm. on April 18. This dosage seemingly pro- 
duced excessive thirst with the result that the large volume of urine 
excreted on April 18 was probably more responsible for any increases 
than was the ascorbic acid. To ascertain this a water drinking experi- 
ment was later inserted (April 26 and April 26) while on subsequent 
administration of ascorbic acid the water intake was controlled. On 
May 1 and May 2 there were fed, respectively, 6 and 6 gm. ascorbic 
acid. These doses were divided into three parts and fed before each of 
the three meals. On May 8 and May 9, 2 and 5 gm. methionine, respec- 
tively, were fed. 

Determinations of the usual urinary constituents were made as 
described in the paper by Andrews and Randall (2). Cystine was 
determined by the revised Sullivan method as described by Sullivan 
and Hess (5). However, the large amounts of ascorbic acid excreted 
after its administration made Sullivan determinations impossible, even 
by the modified procedure, and it was therefore found necessary to 
resort to the cuprous mercaptid separation of Russouw and Wilken- 
Jorden (6). The figures for cystine sulfur obtained by this method are 
listed under the column headed ‘'CuCl~S^\ The results of these 
attempts to apply the Sullivan method to urines high in ascorbic acid 
confirm our previous results (7) on the inhibitory effect of ascorbic 
acid on the production of color in the Sullivan method. Even prolonged 
aeration of these urines, while it reduced the ascorbic acid content as 
indicated by indophenol titration, did not make possible the develop- 
ment of the Sullivan color. This supports our previous findings as to 
the presence of reducing agents other than ascorbic acid, which interfere 
with the Sullivan method, in urine. 

The column headed x ml.^' provides further evidence as to the excre- 
tion of cystine. Since the optical activity of a cystinuric urine is largely 
the result of its cystine content, an arbitrary measure of this is provided 
by the product of the 24-hour volume of urine and the observed activity 
(a) . In this case all readings were made in a 2 dm. tube. This product, 
while an arbitrary number, serves as a means of detecting marked 
changes in the total cystine output. 

Ascorbic acid was determined by standard indophenol titration as 
described by Bennett and Tarbert (8). 
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DISCUSSION 

Taking the average value for the daily output of cystine sulfur under 
normal conditions as 0.120 gm. the effect of methionine administration 
was to raise this to a maximum of 0.156 gm., a 30% increase. Based 
on the daily output of “CuCl-S” as determined by the method of 
Russouw and Wilken-Jorden, an increase from a daily average of 0.142 
gm. to a maximum of 0.192 gm., a 35% increase is indicated. This 
result approaches more nearly that obtained by Brand and co-workers 
than was the case when our subject was preadolescent but the increase 
in cystine output is still far less marked than that reported by them. 

It should furthermore be emphasized that the diuresis experiment of 
April 25 and April 26 produced a greater increase in cystine output 
(47% increase by the Sullivan method and 69% by the cuprous chloride 
method) than that which resulted from methionine administration. 
Administration of large doses of ascorbic acid produced, in analyses 
made by the cuprous chloride method, a maximum increase of only 
about 16% where the water intake was controlled (May 1 to May 3) 
in contrast to that of 41% when uncontrolled water drinking was 
permitted. 

The order of increase indicated by the product of “a x ml.” leads to 
the same conclusion. The diuresis experiment produced the largest 
increase in this product (over 100%). Methionine administration 
produced an increase of about 50% and ascorbic acid about 30%. 

The daily urine volume of the subject is obviously a matter of prime 
importance in the interpretation of such experiments. 

CON<H.USIONS 

A comparison was made of the effect of diuresis, of methionine ad- 
ministration, and of ascorbic acid administration on the C3rstine output 
of a cystinuric subject. 

Doses of ascorbic acid up to 6.0 gm. per day produced, with controlled 
water intake, an increase of only about 16% over the average normal 
figure. 

Doses of methionine, up to 5.0 gm. per day produced a 30 to 35% 
increase in the cystine output over the normal. This is a considerably 
greater increase than that obtained three years previously with the same 
subject when preadolescent. 

Water drinking, approximately quadrupling the daily urine volume, 
increased the cystine output by nearly 50% by the direct Sullivan 
method and neariy 70% by the cuprous chloride method. 
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TECHNIC FOR COLLECTION, ISOLATION AND 
CULTURE OF CHYTRID8 

By John N. Couch 

By applying the collecting methods used for water molds (Coker, 
1923; Harvey, 1925) we have been able to collect numerous Chytridiales 
and related forms from water and soil. The water with deca 3 dng leaves, 
grass, trash, and mud is put in Petri dishes or other suitable containers 
and to the soil collections is added charcoal water (used because the 
spores of aquatic Phycomycetes are very sensitive to distilled HsO). 
Charcoal water (Couch, 1^1) is prepared as follows: 1 litre distilled 
HfO and 1 level teaspoonful of blood or animal charcoal; filter after 
1 hour; autoclave. For bait, pollen grains (2k>pf, 1887) (Liquidambar 
is particularly good and may be kept dried for years) or boiled pieces 
of young corn leaves or grass leaves have been used (Karling 1937, 1938, 
and numerous earlier papers). The pollen grains are picked up on a 
needle and dusted on the surface of the water; the pieces of leaves are 
merely dropped in. After being in the dish two or three da 3 rs, the bait 
should be examined. If, on first examination, there are no chytrids, 
fresh leaves should be added, for some chytrids may be slow in appear- 
ing. Decolorizing the leaves by boiling in 95% alcohol in a water bath 
(a process introduced into our laboratory by Miss Berdan, summer 
1938) facilitates the study of the chytrids, but such leaves arc not so 
good as those with chlorophyll for the growth and preservation of 
chjrtrids. Other chytrids occur on algae and the oogonia and threads 
of various filamentous aquatic Phycomycetes. 

Since only a few chytrids (Zopf 1887, Sparrow 1931, Butler and 
Humphries 1932, Karling 1937, 1938, etc.) hav^ been isolated in pure 
fungal culture and none in single spore or single sporangial culture, it 
seemed worthwhile to try to develop methods for their isolation and 
culture free from other fungi and if possible free from bacteria. This 
paper is a prelimiiuixy report on the methods used, with a list of the 
ch 3 rtrids so isolated and in culture. For the sake of brevity the methods 
used may be illustrated by ehytrids found on pieces of boiled grass 
leaves. 
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After one has discovered the presence of chytrids on a piece of grass i 
in the original dish, the piece is transferred to a sterile Petri dish and] 
washed thoroughly with a strong stream of water from a wash bottle,^ 
holding the leaf meanwhile with forceps and tilting the dish so that thel 
trash and many of the undesirable organisms are removed. 

Sometimes one may secure a single chytrid species on one piece of 
grass but more frequently several species occur, as well as leaf-inhabiting 
forms of Pyihium and other water molds. 

Changing the water will hasten spore discharge of the chytrids as 
well as the other fungi, hence it is well to have culture dishes, tools, 
binocular microscope, and everything needed ready before the leaf is 
removed from the original dish. An examination with the compound 
microscope (low power) will show what material is worth isolating and 
enable one to slash off and discard large areas of the leaf infected with 
Pytkium, etc. 

We have found the following methods most effective in isolating* 
chytrids in pure fungal (*ulture, i.e. free from all other organisms except 
bacteria and in some cases free from bacteria: (1) isolation in water of*^ 
a single sporangium or (2) isolation on agar of a single sporangium; 
(3) isolation of spores from a single sporangium on slide; (4) i solation of 
single^sporc in a capillary tube or^j(5) isolation of single spore on agar 
or (6) isolation of a single thread or several threads on agar. 

With method (1) the procedure may be as follows: Place leaf with 
chytrids in a drop of water in a Petri dish and in another drop of water 
about one cm. away in the same dish put a new piece of sterile leaf. 
Then under a wide field binocular dissecting microscope (X40-‘X100) 
with sharp, smooth, steel needles dissect out a small piece of leaf to 
which only one sporangium is attached. Transfer this to a small drop 
of water in the same dish and examine under compound microscope to 
be sure only one sporangium and no spores are present. The fragment 
of leaf with the sporangium may now be transferred to the fresh piece 
of leaf. All transfers up to this stage are made from drop to drop in the 
same dish, because if the delicate chytrid were transferred from one dish 
to another, it might dry up in the operation. After the chytrid spo- 
rangium is on the large, moist leaf, the latter is transferred to a drop of . 
charcoal water in a fresh sterile dish and other drops of water are added 
to the floor and ceiling of the dish to prevent desiccation. In this 
operation many of the single sporangia are injured in transfer. Hence 
it is advisable to make laige numbers of transfers. 

If one is lucky, each isolated sporangium ^ill form zoospores which 
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will infect the new leaf, thus establishing the chytrid in pure culture 
save for the presence bacteria. 

The above technic is useful only if the sporangia are large. A more 
useful technic (2), particularly with small sporangia, and where several 
species are mixed and are discharging spores simultaneously, is as 
follows. An infected leaf is transferred after washing to the surface of 
A 3% agar plate (see formula below). The desired chytrid sporangium 
is now dissected out from the leaf tissue and dragged along on the sur- 
face of the agar to free it from spores, bacteria, etc. After examining 
under the compound microscope to make sure that only one chytrid 
sporangium is now present, it is cut out with a little cube of agar and 
transferred to a fresh Petri dish in a drop of water with a fresh piece of 
leaf, other drops of water being added to the bottom of the dish to pre- 
vent desiccation. This is a very useful technic because it enables one to 
transfer nothing but the sporangium and its rhizoids. We have u^ed a 
slight modification of this method by tearing the leaf tissue apart on the 
surface of the agar and spreading it out. If water is present, some of 
the sporangia may discharge their spores on the surface of the agar. 
The spores may then germinate in contact with the leaf, sending their 
rhizoids into the agar. It is possible then to remove the leaf, wash the 
surface of the agar with water from the wash bottle and then to dissect 
out one sporangium from the agar surface. 

If the rhizoidal 83 rstem is very complex and the spores of other fungi 
abundant, the method just described may be unsatisfactory, in which 
case the following method (3) is useful. A single sporangium about 
ready to discharge spores is isolated by method 1 or 2 and put on a 
sterile slide in a drop of water and kept under observation so that one 
may determine just when the spores emei^. The moment this happens 
some of the spores are drawn up in a capillary tube and blown out in a 
drop of water with a piece of sterile leaf in a fresh Petri dish. If ordinary 
care is used one may secure cultures by this technic descended from 
a few spores. It is possible so to perfect this method that one can, 
with a little practice and skill, make single spore cultures. This may be 
done as follows: (4) By using a very fine capillary tube and picking up 
only a few spores, then diluting the spores by mixing in another drop of, 
water and so on by further dilutions, it is possible finally to get only onel 
or two spores in the capillary tube. If the tube were clean to begin! 
with, it may be examined on the surface of the Petri dish to determine! 
how many spores it contains. * If only one spore is present, the tube is 1 
then transfered to a drop of water containing a piece of leaf. If it 
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contains two or dven several spores, it is possible to break the tube in 
such a way that one can separate a single spore from the others. 

None of the methods so far described separates the chytrids from 
bacteria, although it is possible with great precaution to keep the cul- 
tures relatively free from them. It is possible, however, to isolate 
some of the chytrids in pure culture. So far we have developed two, 
’ methods for doing this. The easier, if the spores will germinate on agar, 
is by the isolation of a single spore on agar (5). After much experi- 
menting with spore germination on nutrient ^ars, we have found several 
which are useful in this work. 

1. Plain agar 3% (the agar shreds should be washed over night in 
several changes of water to free from trash). 

2. Agar No. 12 (Leitner’s agar) 2% agar and 0.004% peptone (meat). 

3. Agar No. 13 (Foust’s agar) 2% agar and 0.15% maltose and 
0.004% peptone (meat). 

4. Com meal agar (use 2-4 heaping teaspoons full to 1 litre water, 
depending upon strength desired. Heat gently in water bath, tempera- 
ture about 60®, 1 hour. Filter. Add water to make 1 litre. Agar 2%). 

The spores seem to germinate better on plain agar or agar with very 
small amounts of nutrient material. Before taking time to spread the 
spores carefully on agar it is worth while to drop a few on the medium 
used to determine whether or not the spores go to pieces or settle down 
and encyst. Naturally if the spores are plasmolized by the nutrient 
agar it is a waste of time to go further with that particular medium. 
Spores to be isolated should be as free from bacteria as possible. Hence, 
it is well to isolate one or a few sporangia about to discharge spores in a 
drop of water on a sterile slide. However, where only a few spores are 
available it is possible to pick them up with a platinum loop or a small 
pipette directly from the original dish. The essential part of this 
technic is to spread the spores so well on the surface of the agar that 
some of the spores vrill be completely separated from the bacteria and 
other organisms. A successful spreading requires a firm agar (2-3% 
agar) and a steady hand. The spores are picked up with a platinum 
loop and the loop dragged along the surface of the plate in a straight 
line. Several east-west lines may be made and then another group of 
north-south ones. It is unnecessary to mark these lines for the bacterial! 
colonies will make the lines quite evident. If the laboratory is clean 
and free from spores of PenidUium, etc., it is possible to do this spread- 
ing with the uncovered dish on the table. However, if the air is dusty, 
the dish should be held at an angle with the agar surface down. If the 
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aporas gensinate at all they will germinate within 12 to 24 hours or in 
even less time. After 12 hours the plate should be examined under the 
binocular dissecting microscope (X4(l-X100). If the spores have been 
properly spread, one may now cut out a tiny block of agar with a angle 


TABLE I 


MAMB 

E9 

F017N0 OH 

nOSATSDBT 

OUXfftntBOON 

rmmuam 

cOBomox 

Rhisidiomyoes 

1932 

Ac 

1,2,6 

13, Ao, p. 

pfc 

apophysatus 

Catenaria^like 

1932 

P 

1,5 

p, Ao, 13 etc. 

pc 

without rhixoidfl 
Rozella septigena 

1938 

A. 0. 

Host 

Host 

pfc + 




threads 
and par. 
spores 


host 

Woronina polycis- 

1038 

A. f. 

Host 

Host 

pc + 

tis 



threads 


host; 




and par. 


pfc + 




spores 


host 

Rhizophidium 

1934 

Ao 

5 

h, 13, p, cl 

pfc 

carpQphilum 

Rhizophidium 

1937 

Ao 

5 

h, 13, p, cl 

pfc 

multi porum 
Rhizophidium n. 

1937 

Ao 

5 

h, 13, p, cl 

pfc 

«p. 

Rhizophlyctis 

193$ 

gl in soil 

1,5 

cn, cl, gl, fp 

pfc 

rosea 


collection 




Rhizophlyctis n. 

1938 

gl in soil 

1,2 

cl, gl, fp 

pfc 

sp. 


collection 




N owakowskiella 

1938 

gl in soil 

1 2 

cl, gl, fp 

pfc 

elegans 


collection 




Siphonochytrium 

1938 

gl in soil 

4, 5 

13, gl, cl, fp 

pfc 

n. gen. 


collection 




Cladochytrium 

1938 

gl in HsO 

6 

Various agars 

pc 

replioatum 


collection 




Lagenidium 

1933 

Mosquito 

5 

Various agars 

pc 

giganteum 


larva 




Myzocytium sp. 

1938 

Closterium 

2 

Various agars 

pc 

Resticularia (?) 

1938 

Oscillatoria 

6 

Various agars 

pc 


qmrangium desoended from a single spore. The cutting out operation 
requires a very fine tool. For this we use a tiny chisel made by sharpen- 
ing down a sted needle under the microscope. Individual sporangia 
may be transferred to a drop of water in a sterile Petri dish on a piece of 
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leaf. Such a ouHiure descended from a single spore may be kept free from 
bacteria for a few generations in water cultures. In some chytrids the 
sporangia mature and discharge thdr spores on {^ar. It is posable, 
though exceedingly tedious, to keep such cultures pure, growing on 
agar and free from bacteria. The labor involved, however, is excessive 
and we have carried such cultures on agar for only a few generations.. 

In some of the polycentric chytrids as Cladochytritm replicaium the 
spores germinated on agar to produce a distinct mycelium. It is there- 
fore possible to isolate this species by cutting out a single thread or 
several threads. This method (6), however, is useless with the mono- 
centric chytrids. 

The following table summarises some of our results in trying to cul- 
ture chytrids and related forms. In each case the name of the chytrid 
is given, the host or substratum on which it was found, the method, 
1-6 (see p. 209 above), by which it was isolated, the substrata used in 
its culture and its present condition. The agars used are referred to by 
letters or number, i.e. agar no. 12, 12; agar no. 13, 13; and com meal 
agar, cm. Other substrata or hosts are also abbreviated: oogonia of 
Achlya, Ao; Achlya caroliniana, A. c. ; AcMya flagellata, A. f. ; pollen 
grains, p; boiled com leaves, cl; boiled grass leaves, gl; boiled filter 
paper, fp. In the last column the present condition of the fungus is 
indicated: Pc, pure culture free from other organisms; pfc, pure cultiu« 
of fungus but with bacteria. Only the species now in culture are 
listed in table I. 


SUMMARY 

Methods are described by which 15 representative species from all 
the larger groups of the Chytridiales and related forms have been 
isolated and cultured, some for as long as seven years. All of these 
forms have been isolated by a single sporangium, or a single spore, or 
pure threads and hence the cultures descended from such isolations are 
known to consist of a single fungal strain. Several forms are in pure 
culture on agar, the others are in single fungal culture but with bacteria. 
In addition to the usual substrata as boiled leaves and pollen, four 
different species (see table fp^ have been grown on boiled filter paper 
in water. In such cultiues bacteria have been present. Indeed, 
bacteria seem to be necessary for their growth, since spores put on sterile ) 
filter paper in water failed to grow. Four species of monocentric 
chytrids, Rhizidtomyeea apophyaatus, Rhizophidivm carpophilutn, R. 
mvUiporum and R. n. sp. have been carried on agar iu pure culture 
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through several generations. This is possibly due to the fact that in 
these forms the sporangia mature and spores emerge on agar and thus 
fresh spores may be picked up and spread on fresh agar plates. In 
the greater number of chytrids tested the spores germinated and grew 
best on agars with small amounts of nutrients or even on plain agar. 

In the present report only the forms which could be cultured are 
considered. Several other species were tested but failed to grow. 

Botanical Labobatort, 

Unxvbbsitt op North Carolina, 

Chapbl Hill, N. C. 
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PROCEEDINGS OF THE THIRTY-EIGHTH MEETING OP THE 
NORTH CAROLINA ACADEMY OF SCIENCE 

Wake Forest College, Wake Forest, North Carolina, May 6 

AND 6, 1939 

The thirty-eighth annual meeting of the North Carolina Academy of 
Science was held at Wake Forest College, Wake Forest, N. C., May 5 
and 6, 1939. 

At 9:30 a.m. on Friday, May 5, the General Section was called to order 
by the President John W. Lasley, Jr. The reading of papers was com- 
menced and continued until 11:00 a.m. when the president appointed 
the following committees: 

Auditing; G, Howard Satterfield, Paul J. Kramer, Albert F. Thiel. 

Resolutions: Willard Berry, Z. P. Metcalf, J. N. Couch. 

Nominating: H B. Arbuckle, W. E. Speas, H. R. Totten. 

The reading of ])apers was then resumed and continued until 1:00 
]) in. when rec(»ss was taken for luncheon. 

The afternoon meeting of the General S(‘ction commenced at 2:30 
p.m. and continued until 4:30 p.m. when the Academy held its annual 
business meeting. 

At the business meeting, the minutes of the last meeting were ap- 
proved as published in the Jounwl of the Elisha Mitchell Scientific 
Society 54: 163-199. 1938. 

Reports of the various committees were then called for as follows: 

The executive committee, consisting of John W. Lasley, Jr., President 
of the Academy; Donald B. Anderson, Vice-President; H. L. Blomquist, 
Secretary-Treasurer; W. L. Porter, R. F. Poole, and 0. C. Bradbury, 
reported as follows: 
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‘The executive committee met in Durham on May 4 and again in 
Wake Forest on May 6*with all members pr^nt. The following mat- 
ters were taken up by the committee: 

^‘(1) Professor W. L. Porter was appointed to act as temporary chair- 
man for the Botanical Section. 

“(2) Four titles which arrived too late to be placed on the printed 
program were added to the program. 

“(3) A petition by J. B. Derieux that his paper no. 26 be moved up and 
numbered ‘12B* was granted. 

“(4) The committee reported as elected to membership since the last 
meeting the following: 

Adams, Donald K., Dept. Psychology, Duke University. 

Beasley, J. D., U. 8. Dept. Agr., Cotton Lab., Raleigh, N. C. 

Bolton, Robert L., Dept. Psychology, U. N. C. 

Bridgeman, Ann J., Dept. Biology, Flora MacDonald College. 

Britt, Henry G., Dept. Biology, Wake Forest College. 

Bullock, R. C., Dept. Mathematics, N. C. State College. 

Burton, Mary G., Dept. Botany, U. N. C. 

Chase, Wilton P,, Dept. Psychology, Woman's College, U. N. C. 

Cocke, Elton C., Dept. Biology, Wake Forest College. 

Coe, Joffre, Archaeology, U. N. C. 

Cooper, Margaret, Dept. Chemistry, Meredith College. 

Duffy, Elizabeth, Dept. Psychology, Woman's College, U, N. C. 

Gauger, Herman C., Poultry Dept., N. C. State College 
Gay, Roland A., Dept, Mathematics, Wake Forest College. 

Gilbert, Grade P,, Campbell College. 

Henderson, Edgar H., Dept. Philosophy and Psychology, Meredith College 
Kramer, Margaret, Dept. Biology, Meredith College. 

Kuhn, A. Burgin, Jr., Dept. Chemistry, Davidson College. 

McKenzie, Robert M., Route j(^l, Gastonia, N. C. 

Mackie, George C., (M.D.), Dept. Physiology, Wake Forest College of 
Medicine. 

Moore, J. H., Dept. Plant Breeding, N. C. State College. 

Morrow, Emmet B., Associate Horticulturist, N. C. State College. 
Murchison, R. G., Dept. Geology, U. N. C. 

Nature Study Club, Durham High School, President Jean Booth, sponsored 
by Dorothy Wilson. 

Park, Hubert V,, Dept. Mathematics, N. C. State College. 
Physics-Chemistry Club, Durham High School, President John Blalock, 
sponsored by B. G. Stewart. 

Pratt, J. Q., Dept. Psychology, Duke University. 

Rhine, J. B., Dept. Psychology, Duke University. 

Shands, W. H., Oxford, N. C. 

Slay, R. J., Dept, of Sciences, Eastern Carolina Teachers College. 
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Stump, Albeit B., Dept. Biology, Flora MacDonald College. 

Wladkowsky, Edith. Psychologist, Caswell Training School, Kinston, 
N. C. 

Womack, A. W., Head Gardener, U. N. C. 

^‘(6) The following former members were re-instated to membership: 

Bruner, Stephen C., Estacion Experimental Agronomica, Santiago de las 
Vegas, Cuba. 

Cameron, E. H,, Dept. Mathematics, U. N. C. 

Carroll, J. G., Dept. Mathematics, Wake Forest College. 

Dashiell, J. F., Dept. Psychology, U. N. C. 

Rayner, K. T., Dept. Mathematics, Wake Forest College. 

Williams, Myra, Dept. Biology, Meredith College. 

Zener, Karl, Dept. Psychology, Duke University. 

“(6) The committee reported the following losses during the year: 

Lost by death: H. V. Wilson. 

Lost by resignation: Lula G. Winston. 

Dropped from roll because of non-payment of dues: 12 former members. 

The Treasurer's report was as follows: 

Financial Statement of N, C. A, S.^ May 4, 19S9 


Receipts 


Balance on hand May 5, 1938: 

Savings Account 1367.41 

Checking Account 118.42 

Cash on hand (dues) 8.00 

Total balance $483.83 

Dues: 

1938 212.00 

1939 246.00 

Initiation Fees: 

1938 64.00 

1939 62.00 

Chemistry Section contribution to program (1938) 6.00 

678.00 

Interest on savings " 8.97 


$1,070.80 
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Diahursementa 

Stationery and printing $57.83 

Programs (1939) 34.00 

Membership cards (1938) 4.20 

Membership cards (1939) 4.20 

Books for H. S, Essay Prize 18.08 

Express on books .54 

Postage (stamps) 3.50 

Paper (bond) 3.45 

Contrib. to membership in Comm. Preserv. of Nat. Cond. 

Ecol. Soc 5.00 

Charges on bank balance .23 

Refund for overpaid dues 5.00 

Receipt books 1.03 

Flowers for Wilson funeral 5.15 

Secretarial assistance 58.00 

Refund of dues to Secretary 2.00 

Secretary’s commission 53.50 

Jour. Elisha Mitchell Sci. Soc .... 300.00 

Total disbursements 555 . 71 

Total balance May 4, 1939 $616.09 

Savings Account 

Balance May 6, 1938 $357.41 

Interest 8.97 

Balance May 4, 1939 366.38 

148.71 

Cash on hand 14.00 


Balance in checking account $134.71 


The above report was made as of May 4, 1939. 

Submitted by H. L. Blomquist, Secretary-Treasurer. 

Audited May 6, 1938, by 

G. Howard Satterfield, 

Paul J. Kramer, 

Albert F. Thiel. 

The committee accepted the invitation of Davidson College to hold 
the thirty-ninth annual meeting at Davidson, N. C., in 1940. 

The executive committee then made the following recommendations 
to the Academy: 
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That all bills presented in the Treasurer's report be authorized 
and paid and that the report be printed after being audited. 

‘‘2. That Bert Cunningham be appointed to select the books as the 
prize for the winner of tho High School Science Essay Contest and that 
he be authorized to draw upon the treasurer an amount not to exceed 
$20.00 for these books. It was also recommended that the secretary 
be authorized to appoint a representative of the Academy to award the 
prize and to draw upon the treasury the payment of his expenses. 

‘‘3. That the secretary-treasurer be authorized to pay the Elisha 
Mitchell Scientific Society $300.00 each year for the publication of the 
Proceedings of the Academy so long as the finances of the Academy are 
in good condition. 

‘‘4. That the secretary-treasurer be authorized to order 50 reprints 
of the Proceedings for the purpose of exchange with other state acad- 
emies. 

‘^5. That the secretary-treasurer transfer an amount from the check- 
ing account to the savings account which will bring the latter up to 
$400,00. This amount was $33.62. 

^‘6. That the following members be elected to life membership in the 
Academy: 

H. B. Arbucklc, Davidson College. 

W. C. Coker, The University of North Carolina. 

Dr. Arbuckle joined the Academy in 1918, served as its president in 
1920, and has been an active and valuable member. 

Dr. Coker is a charter member of the Academy (1902) and served 
as its president in 1910, He has always been an active member and has 
served the Academy in the capacity of Chairman of the Editorial Board 
of the Journal of the Elisha Mitchell Scientific Society^ the official organ 
of the Academy. 

The recommendations of the executive committee were approved. 

The auditing committee reported that the Treasurer’s report had 
been examined and found to be correct. 

The reports of the auditing committee and the Treasurer’s report were 
accepted and approved. 

The report of the high school science committee was as follows: 

This committee has undertaken to stimulate a greater interest among 
high school teachers and students during the past year in at least two 
directions. 

As in former years, it has sponsored the essay contest. Through con- 
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tact with the teachers at each of the district meetings, and through form 
letters the matter of the essay contest was presented directly to the 
teachers. The response was reasonably good, some 40 or 60 teachers 
indicating their desire to have their students compete. The final 
results, that is the essays submitted, were thoroughly disappointing in 
number and quality. The report of the judges will be given presently. 

During the year your committee has formulated plans by which the 
essay contest will be replaced by a project contest. The provisional 
detailed plans are available to any interested members of the Academy. 

With the permission of the Academy, the committee has arranged a 
program for high school science teachers, which will be in session at 
Wake Forest on Saturday morning. The response has been good, but 
the value of this meeting can not be estimated until after tomorrow's 
session. 

The committee suggests a more cooperative spirit on the part of mem- 
bers of the Academy with the high school program. In times past this 
committee has requested the cooperation of college teachers in giving 
lectures to high school groups. Less than half a dozen have responded. 
The chairman of this committee has received several requests for lec- 
tures, and has referred the inquirer to certain persons who might be 
available, always in doubt of course, as to whether or not the person is 
available. A list of lecturers and subjects would be especially valuable 
if this project is to be at all useful. This is especially true in light of the 
rapid development of the high school science clubs in the state. The 
committee requests that any persons willing to perform this service will 
communicate with the chairman. 

Recent visits with high school teachers indicate that sets of lantern 
slides accompanied by a “script’^ could be very helpful to high school 
teachers. The committee hopes that members of the Academy who can 
provide such service will communicate with the chairman of the com- 
mittee. 

Your committee has also made a preliminary survey of the science 
clubs in the state and has learned of some thirty that are now function- 
ing. This number will probably double during next year and the Acad- 
emy should be looking forward to their confederation in order that the 
highest good may come from them. A few of these have already af- 
filiated with the Academy under the provision adopted at our last 
meeting. Others may be^expected to affiliate in the fall. In the light 
of our present knowledge it appears as if the Academy will be called upon 
within the next year or two to consider the advisability of establishing 
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a Junior Academy to be made up of the members of these high school 
clubs. 

In accordance with the criteria set up the committee nominated 
Ralph Kiser, Central High School, Charlotte, N. C., Miss Eugenia Cox, 
Old Town High School, Winston-Salem, N. C., for Junior Membership 
in the A. A. A. S. They were duly elected by the A. A. A. S. 

The conunittee recommends the authorization of a budget for the 
project contest similar to that of the past for the essay contest. 

The committee recommends that the Secretary of the Academy select 
a member of the Academy to deliver this year’s prize and that the ex- 
pense thereof be borne by the Academy. 

The committee recommends that the Secretary of the Academy 
appoint a member of the Academy to select the books for this year’s 
award. 

Respectfully submitted, 

Best Cunningham, 

C. E. Pkeston, 

R. J. Campbell, 

Mary Conrad Cleaver, 

J. H. Highsmith, 

R. J. Slay, 

H. B. Arbuckle. 

The judges of the high school essays reported as follows: 

“The number of essays submitted this year was disappointingly small 
and the quality of most of them was lower than in past years. 

One essay, however, was outstanding and of distinctly good quality. 
It is recommended that the prize be awarded to Mr. Alfred Gallant of 
Charlotte Central High School, Charlotte, North Carolina, for his essay 
“Quartz Crystals for Radio Transmitters.’’ 

Paul J. Kramer, 

J. L. Stuckey, 

D. P. Costello, acting 
for C. D. Beers, 

Judges 

The report of the high school science committee and that pf the judges 
of the essays were accepted. 

The legislative and elective appraisal committees had no reports to 
make at this meeting. 
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The conservation committee reported as follows: 

Your committee has continued its efforts to secure the establishment 
of permanent natural areas in North Carolina. In compliance with the 
resolution endorsed last year by this Academy the Chief Forester of the 
United States Forest Service was requested to do eveiything possible to 
complete the dedication of the Black Mountain Natural Area, which 
request has now been complied with. It seems that the original tract 
recommended for this natural area was larger than the authorities were 
willing to approve. The area, therefore, was reduced to some 1405 
acres and was officially approved last summer. In a letter from the 
Regional Forester he states that the Black Mountain natural area as 
officially approved includes only the watershed of Middle Creek: 'The 
correct description of the boundary of this area is as follows: The water- 
shed is bounded on the west by the summit of the Black Mountains be- 
tween Balsam Cone and Potato Hill, on the north by Middle Ridge, on 
the south by the north branch of Maple Camp Ridge, and on the east 
by the National Forest boundaries.^^ The Regional Forester further 
says: "In case you visit this area, it is suggested that you use State 
Highway NC § 104 and take the trail up Maple Camp Ridge to the top 
of the mountains, then follow the top of the mountains to Potato Hill 
and turn east down Middle Ridge by the trail which comes down the 
valley to Colbert Creek. A map was furnished showing its location 
but the request for photographs has so far had no response. It is prob- 
able that there are no photographs which can be definitely said to have 
been taken on this area. The primary object of this natural area, the 
elevation of which ranges from 3500 to 6600 feet, was to retain a speci- 
men of the original forest of red spruce and southern balsam which 
formerly covered most of the higher elevations in the Southern Ap- 
palachians. An ecological study of this area for this Academy would 
prove most interesting. I might add that the spruce forest on this 
natural area can be most easily reached by driving to the parking 
place on Mount Mitchell State Park and taking the trail north along 
the Black Mountain divide to Balsam Cone, a distance of some two 
miles. 

The request for the acquisition by the United States Forest Service 
of the Ravenel virgin forest at Highlands for inclusion in the Nantahala 
National Forest has been less successful. The reduction of the con- 
gressional appropriations /or land purchase is no doubt largely re- 
sponsible. Interest in the saving of an adjoining tract of 289 acres has 
recently resulted in an appeal to the Chief of the Forest Service by Dr. 
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W. C. Coker, followed by a request to certain members of Congress by 
this committee for aid in securing the acquisition of this property known 
as the Richardson Woods which has usually been considered a part of 
the well known Primeval Forest. The purchase of these woods by a 
lumber company has been arranged and only prompt action can save it 
from devastation. Dr. Coker describes this area as follows: ^This 
forest averages about 4,000 feet elevation and consists of two holdings, 
one the ^^Richardson Woods” (289 acres), the other the ‘^Primeval 
Forest” (1600 acres). These two areas are contiguous and together 
make up the finest example of untouched forest growth in the eastern 
United States. Unless you have seen this forest you cannot grasp its 
grandeur. I have seen nothing like it outside of the Pacific Slope. In 
these forests there are to be found the largest specimens of several 
species of eastern American trees, such as Carolina and Canadian Hem- 
lock, Black Cherry, Silverbell, (Halesia). Here also the Cherry Birch 
(Betula lento) ^ Fraser’s Magnolia, and Cucumber Tree probably reach 
their greatest development Adjacent to these forests for some dis- 
tance is the Nantahala National Forest.” ‘Tt is estimated that the 
timber on this tract includes 4,500,000 feet of hemlock; 130,000 of pop- 
lar; 300,000 of oak; 255,000 maple and birch; 2500 of cherry, and 
1,000,000 of chestnut ” It is hoped that this wonderful tract of virgin 
timber may yet be saved Members of the Academy can help by writ- 
ing the Chief Forester or the National Forest Reservation Commission, 
or their individual congressmen. 

The Ravenel Forest of 1600 acres adjoining the Richardson Woods 
and within the Nantahala National Forest should also be acquired and 
given natural area status. It is at present safe from the lumberman’s 
axe but continued interest in preserving it is very important. 

In the report of this committee a year ago the summit of Roan Moun- 
tain was recommended as a desirable site for a publicly-owned natural 
area. I am glad to report that definite steps seem to have been taken 
to include this very interesting area in the Pisgah National Forest. 

A new line of endeavor for this Academy has been suggested through 
some correspondence with the Virginia Academy of Science which was 
referred to this committee by Dr. Bert Cunningham of Duke Univer- 
sity. Dr. E. C. L. Miller, Secretary of the Virginia Academy, wrote 
Dr. Cunningham April 20 asking information about the condition and 
ownership of that portion of the Dismal Swamp lying in North Carolina. 
He says: ‘There is some interest here in Virginia just now concerning 
the future of the Dismal Swamp. The Izaak Walton League of Virginia 
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has already taken action requesting its National Executive Committee 
to propose to the Department of the Interior the acquisition of the Dis- 
mal Swamp Area in southeastern Virginia. They have also requested 
the Virginia Academy of Science to support the movement, and it will 
probably do so at our Danville meeting in May. I wonder if you could 
stir up some interest in North Carolina?’^ Dr. Miller’s suggestion is 
that the North Carolina Academy of Science and the Virginia Academy 
could cooperate in planning some worthwhile future for the Swamp. 

• ^‘Planning some worthwhile future^^ is very necessary and the best 
thing that can be done. The present condition of the Dismal Swamp is 
lamentable. Most of the better timber has been taken out; logging has 
in most areas been followed by fire which has destroyed the seedlings 
which would have started re-establishment of the forest cover; the white 
cedar, which has been the most valuable tree, has been succeeded by 
what are known as ‘‘lights,” namely areas covered with shrubs and reeds 
interlocked with cat-briar and other vines. In most cases these shrubs 
are so dense that the more valuable tree species cannot become re-es- 
tablished. A preliminary study was made some eighteen years ago by 
two members of this conservation committee, namely Dr. C. F. Korstian 
and the present chairman. A follow-up study should bring out much 
valuable information. It is suggested by your committee that it devote 
as much time as possible to a study of the natural and economic con- 
ditions of the Dismal Swamp and report progress to the next meeting 
of this Academy. It is also suggested that this committee be author- 
ized to cooperate with the Virginia Academy of Science in this study in- 
sofar as our common interests may be promoted. 

In closing the committee desires to offer the following resolutions: 
ResolvJtion /. Richardson Woods. 

Whereas, the Richardson Tract of 289 acres and the Ravenel Tract 
of 1600 acres, known together as the Primeval Forest has exceptional 
and unique qualities which should be preserved for the study, informa- 
tion and pleasure of future generations, and 
Whereas, the Richardson Tract is now in imminent danger of being 
cut over for lumber and its interest destroyed, and 
Whereas, this area is adjacent to land already acquired by the Fed- 
eral Government as part of the Nantahala National Forest and itself 
lies within the purchase area; therefore, be it 
Resolved that the North* Carolina Academy of Science does hereby 
urge upon the Forest Service of the United States Department of Agri- 
culture and upon the National Forest Reservation Commission the 
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importance of acquiring this tract immediately and adding it to the 
Nantahala National Forest. 

Resolved further, that a copy of this Resolution be submitted to the 
President of the United States, to the Secretary of Agriculture, to the 
members of the National Forest Reservation Commission, and to the 
North Carolina delegation in Congress. 

Resolution II. Cooperation with Virginia Academy of Science. 

Resolved, that the North Carolina Academy of Science herewith ex- 
presses its appreciation of the invitation of the Virginia Academy of 
Science implied in the letter of its Secretary, of April 20, 1939, and 
herewith authorizes the Conservation Committee to arrange and carry 
out such cooperation as may be of mutual benefit to the two Academies 
in the proposed study of the Dismal Swamp Area. 

Respectfully submitted, 

J. S. Holmes, 

W. C. Coker, 

J. P. Givler, 

C. F. Korstian, 

H. J. OoSTING, 

Committee. 

The report of the cons(»rvation committee was accepted and the 
resolutions recommended therein adopted. 

As representative of the Academy Conference, Bert Cunningham, 
made the following report: 

‘^Several matters of considerable importance were discussed at the 
meeting. 

‘^1. Time allotted for the meeting. This was felt to be insufficient 
and measures were adopted for an increase. 

^‘2. Temporary and last minute appointment of representatives. 
The work of the Conference depends largely upon a continuing mem- 
bership. Academies were requested to appoint representatives for not 
less than a three-year period. They were also urged to send an alternate 
if the regular appointee could not attend. It seemed better to elect the 
delegate than to appoint, since in the latter case the appointment was 
valid only for the term of the Academy president. 

^^3. A paper on the ‘‘Status'^ of Academies shows a great lack of co- 
operation on the part of several Academies. Representatives were 
urged to bring this matter to the attention of the various Academies. 

‘^4. The need for data for intelligent discussion. This calls for 
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preparation of papers well in advance of the meeting. Plans were set 
on foot at the meeting for next yearns program. 

'^6. The problem of Junior Academies. This was forcefully brought 
into the picture by the activities of the American Institute of Engineer- 
ing and Science. A committee (of which your representative was a 
member) was set up to discuss the matter with representatives of the 
Institute. This committee held an all day session in Indianapolis and 
arrived at a satisfactory solution of the problem. A detailed report of 
the committee’s work will later be filed with the Secretary of the 
Academy. 

‘‘6. C!o-operation with the American Association. It was pointed 
out that thus far most of the co-operation had been on the part of the 
Association. Academies were urged to make an effort to bring more of 
their members into the Association. This would in return bring larger 
grants for research to the Academy. It was indicated by the Associa- 
tion that it would prefer to make its research grants through the Acad- 
emies, if they could show that they were capable of handling them. 

''7. Research grants. A ‘‘one man” committee was set up to make 
an annual report of these grants. 

“8. Junior Memberships. A committee was set up for annual re- 
ports on this project. Considerable interest was manifested as to the 
manner in which the nominees were selected. This will be a subject 
for report at the next meeting. 

“9. Miscellaneous: Several other matters presented in a paper by 
your representative (a few copies of w^hich are available for Academy 
members) were discussed briefly, and plans were made for further dis- 
cussion. 

“10. Your representative was elected Conference President for the 
ensuing year. 

Respectfully submitted, 

Bert Cunningham. 

The report of the representative to the Academy Conference was 
accepted. 

The committee on the A. A. A. S. Research Grant reported that the 
research grant for 1939 had been awarded to F. H. McCutcheon, De- 
partment of Zoology, N. C. State College, for use in his “Investigation 
of possible experimentally; induced seasonal variations in the oxygen 
aflinity of hemoglobin in mammals.” The report was adopted. 

As the representative of the Academy on the Council of the American 
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Association fdtr the Advancement of Science, Bert Cunningham made 
the following remarks: 

“Since the reports of the Council have been published, it seems un- 
necessary for your representative to make any report other than that he 
attended all meetings of the Council/' 

The committee on the Academy Medal reported that the medal for 
1939 had been awarded to F. H. McCutcheon for his paper entitled 
“The respiratory mechanism of the grasshopper." 

The following memorial report honoring the memory of Henry Van 
Peters Wilson was presented: 

Henry Van Peters Wilson 

In the death of Professor H. V. Wilson on January 4, 1939, the North 
Carolina Academy of Science lost one of its founders and one of its most 
distinguished and valued members. Henceforth his personal charm and 
his stimulating presence will be severely missed at our annual meetings. 

Henry Van Peters 'Wilson was born in Baltimore, Maryland, on Feb- 
ruary 16, 1863, and was a son of Reverend Samuel A. Wilson and 
Sophia Anne Stansbury Wilson. He received his formal education in 
the schools of Baltimore, at the Baltimore City College, and at Johns 
Hopkins University. In 1883 he was awarded the degree of Bachelor 
of Arts by Johiis Hopkins University and in 1888 the degree of Doctor of 
Philosophy. From 1889 to 1891 he was an investigator for the United 
States Fish Commission at the Woods Hole laboratory. From 1891 
until his death he was successively Professor of Biology, Professor of 
Zoology, and Kenan Professor of Zoology in the University of North 
Carolina. 

Dr. Wilson's was a forceful personality, and he was widely recognized 
as a man of superior qualities of character and mind. He was a cultured 
gentleman with an enthusiasm for scholarship and intellectual explora- 
tion, and he believed that rigorous thinking had a high vahie in civilizing 
the individual. Accordingly he encouraged intellectual habits in others, 
and as a teacher insisted upon precision in observation and logical 
thinking in the analysis of data obtained from observation. As a 
teacher he possessed fine capacity and a willingness to take no end of 
pains in directing and criticising the work of those students whom he 
considered worthy to enter upon a scientific career. The yoimg men 
and women who worked under him received not only meticulous training 
but scientific spirit and breadth of vision. It was part of his genius 
as a teacher to be inspiring without effort and to convey to his students 
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the realisation that Boienoe has much to contribute to human culture 
and is worthy of a man’s best efforts. 

He was far from being a mere dilettante pla 3 dng at science and draw* 
ing gratuitous pleasure from the discoveries of others; on the contrary, 
he embodied the attitude of the spirited professional worker who looks 
upon research as a thrilling adventure, yet one that must be carried out 
methodically and with foresight. There resulted from his researches a 
long list of contributions to biology dealing chiefly with the taxonomy 
and adaptations of sponges and with embryology and regeneration, 
(a list of his publications from 1891 to 1933 may be found in the Journal 
of the Elisha Mitchell Scientific Society, volume 50, and a supplemental 
list in volume 55.) 

At every opportunity Dr. Wilson was active in promoting the re- 
search spirit and research facilities. In addition to his participation 
in the activities of the national academies and societies, he was an active 
and helpful member of the Elisha Mitchell Scientific Society, the 
University of North Carolina chapter of Sigma Xi, and the North 
Carolina Academy of Science. He was instrumental in the founding 
of the latter two of these organizations and served as president of each 
of them. Steadily, as the resources of the University permitted, he 
built up the library, laboratory, and staff of his department until its 
value was recognized nationally. Having worked at the old Johns 
Hopkins laboratory at Beaufort when he was a student, he was aware 
of the resources and attractions of that location for a seashore laboratory. 
It was largely through his efforts that there was established at Beaufort 
the United States Bureau of Fisheries Biological Station, an institution 
in which he always maintained a great interest. This laboratory has 
been of great value in the development of biological science in America 
as is attested by the long series of important researches that have 
emanated from it. Furthermore, it has provided opportunity and 
inspiration to many young investigators during their formative years. 

In his hours of relaxation Dr. Wilson was a delightful and stimulating 
companion. He was not only a zoologist but a philosopher and an alert 
human being with a keen interest in literature and art and the activities 
of other human beings. His conversation moved pleasantly from topic 
to topic and he was always entertaining. In the words of one of his 
contemporaries and lifelong friends, “His was a rare spirit. The loss 
of his friendship is a saddening experience.’’ 

In 1893 he married Edith Theresa Stickney, of Boston. From this 
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marriage there were three children, Edith Stedman (Mrs. Thorndike 
Saville), Eleanora Stansbury (Mrs. Howell Peacock), and Dr. Henry 
Van Peters Wilson, Jr., all of whom survive him. To them and to his 
sister the North Carolina Academy of Science extends its deepest 
sympathy. 

C. S. Briulet, 

J. P. GrVLER, 

A. S. Peabbe, 

W. L. Porter, 

W. C. George (Chairman), 
Committee from North Carolina Academy of Science 

C. E. Preston then made an announcement concerning the science 
instruction of the National Education Association. 

The appointment of the following committees were then made by 
the president: 

Legislative Committee: H. F. Prsrtherch, chairman, B. W. Wells, 
W. F. Prouty. 

Conservation Committee: J. S. Holmes, chairman, J. P. Givler, C. 
F. Korstian, W. C. Coker, H. J. Costing. 

High School Science Committee: Bert Cunningham, chairman, J. 
H. Highsmith, B. B. Brandt, Mary Conrad Cleaver, R. J. Slay, John 
W. Wood, C. F. Dodson. 

Committee on the Academy Medal Award: O. C. Bradbury, chair- 
man, E. W. Berry, Eldward Mack, Jr., P. J. Kramer, J. P. Givler, 
J. B. Derieux, 0. J. Thies, Jr., and Bert Cunningham (ex officio). 

The Elective Appraisal Committee: P. M. Ginnings, chairman, E. 
H. Hall, R. E. Coker, Mary Conrad Cleaver, C. W. Edwards, Karl H. 
Fussier, E. G. Purdom, and R. N. Wilson. 

The nominating committee submitted the follovring nominations: 

President: H. L. Blomquist, Duke University. 

Vice-President: John N. Couch, The University of North Carolina. 

Secretary-Treasurer (three years): Bert Cunningham, Duke Univer- 
sity. 

New member on the Executive Committee (three years) : Earl H. Hall, 
Woman’s College, The University of North Carolina. 

One mendter on the Committee of the A. A. A. S. Research Grant (three 
years): B. W. Wells, North Carolina State Collie. 

Representative to the Council of A. A. A. S.: Bert Cunningham. 
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Repreeentative to the Academy Conference: Bert Cunningham. 

The nominations were accepted and the secretary was instructed to 
cast the ballots for the nominees. 

The general resolutions committee made the following report: 

*The North Carolina Academy of Science wishes to express its appre* 
ciation for the delightful entertainment received at Wake Forest Col- 
lege. We desire to express our appreciation to the local committee on 
arrangements, to Wake Forest College for its complimentary dinner, 
to Miss Eleanor Mayes who has so generously assisted with the registra- 
tion, and the students of Wake Forest College who have assisted in 
routine matters. 

Willard Berry, 

Z. P. Metcalf, 

J. N. Couch, 

Committee, 


The business meeting then adjourned. 

At 7:00 p.m. the Academy was entertained at a complimentary 
supper. 

At 8:30 p.m. the evening meeting was held in the auditorium of the 
Medical Building with Donald B. Anderson, Vice-President, presiding. 
In the absence of T. D. Kitchin, President of Wake Forest College, the 
address of welcome was made by Dean B. D. Bryan. This was followed 
by the presidential address, ‘‘The relation between mathematics and 
science,’^ by the retiring president, John W. Lasicy, Jr. 

On Saturday morning the Academy met in the following sections: 
General, Botany, Mathematics, Physics, Zoology, The North Carolina 
Section of the American Chemical Society, and the High School Science 
Teachers. 

The following officers were elected by the various sections: 

North Carolina Section of the American Chemical Society: 

Chairman: E. C. Markham, The University of North Carolina. 

Vice-Chairman: W. E. Jordan, N. C. State College. 

Secretary-Treasurer: Ivan D. Jones, N. C. State College. 

Mathematics Section: Chairman: T. F. Hickerson, The University 
of North Carolina. Secretary: J. A. Greenwood, Duke University. 

Physics Section: Chairman: H. E. Fulcher, Davidson College. Secre- 
tary: F. W. Lancaster, N. C^ State College. 

Zoology Section: Chairman: J. P. Givler, Woman^s College, U. N. C. 
Secretary: Z. P. Metcalf, N. C. State College. 
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High School Science Teachers Section: Chairman: Clifford Beck, 
Salisbury, N. C. Secretary: Harry MacDonald, New Bern, N. C. 

The following papers were presented. Those marked * appear in 
full in this issue; those marked x are abstracted with the Proceedings; 
those marked t were read by title. 

GENERAL SECTION 

xl. Atmospheric pollen survey of Danville, Va. (Lantern). Elton C. 
Cocke, Wake Forest. 

2. Investigation of the Fluoride Content of North Carolina School 

Water Supplies (Lantern). E. E. Randolph, N. C. State. 

3. Weather conditions on Mount Mitchell, N. C. Lee A. Denson, 

U. S. Weather Bureau, Raleigh. 

4. Diurnal temperature variations within fidlrsized cotton bolls (Lan- 

tern). Donald B. Anderson, N. C. State. 

5. Varietal differences in the vitamin C content of cantaloupes (Lantern). 

M. A. Moselt and G. Howard Satterfield, N. C. State. 

6. Hardening peanut-fed pigs (blaekboard). E. H. Hostetler, J. 0. 

Halverson and F. W. Sherwood, N. C. State. 

7. Pressures in bottled carbonate liquids at low temperatures (Lantern). 

0. J. Thies, Jr., and H. E. Fulcher, Davidson. 

8. The Japanese beetle suppression program in North Carolina 

(Lantern). C. H. Brannon, U. S. Dept. Agr., Raleigh. 
x9. The effect of manganese and copper on tobacco (Lantern). W. B. 

Rankin and L. F. Whxiams, M. C. State. 
xlO. Respiratory mechanism in the grasshopper (Lantern). F. H. 
McCutcheon, N. C. State. 

11. The present status of the magnetic lens electron microscope (Lan- 
tern). Otto Stuhlman, Jr., U. N. C. 
xl2. Miles per dollar with different grades of gasoline (Lantern). J. B. 
Derieux, N. C. State. 

xl 2b. Efficiency of an aspirator type of basement water drainer (Lantern). 
J. B. Derieux, N. C. State. 

xl3. Development and distribution of tobacco roots in relation to soil 
profile (Lantern). L. J. Gier, Campbell College. 

14. Physiological responses to physical factors in environment (Lantern). 
F. G. Hall, Duke. 

xl5. Sex chromosomes in plants; a cytohgical hoax (Lantern). H. W. 
Jensen, Asheville Farm School. 
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16. Jiew measuremeraa of the rate of lose of heat by the earth to space 

(Lantern). Charles M. Heck, N. C. State. 

17. Some new species of Basidiomyceies. W. C. Coker, U. N. C. 
xl8. Remarks concerning a natural history survey of the Great Smoky 

Mountains National Park (Lantern). Arthur Stupka, Na- 
tional Park Service. 

"■IQ. Lochetic luminous dipterous larvae (Lantern). B. B. Fulton, 
N. C. State. 

x20. Distribution of the fiber population on the cotton seed (Lantern). 

Jerry H. Moore, N. C. State. 
tx21. Archaeology in North Carolina. Jofprb Coe, U. N. C. 
t22. Geology of the northern half of Wake County. J. L. Stuckey, 
N. C. State. 

tx23. Mechanical analysis of Triassic sediment (Lantern). Willard 
Berry, Duke. 

x24. Vitamin A in sheep’s milk and colostrum (Lantern). R. E. 

Clegg and G. Howard Satterfield, N. C. State. 

26. Vitamin C in fresh and processed cucumbers. M. F. Showalteh 
AND G. H. Satterfield, N. C. State. 
t26. The relationship between vocational factors and values factors in 
college women. Robert L. Bolton and W. J. E. Crissy, 
U. N. C. 

t27. Size of stimulus symbols in extra-sensory perception. J. G. Pratt, 
Duke. 


BOTANY SECTION 

xl. Studies of the fruiting habit of the peanut. G. K. Middleton and 
Paul H. Harvey, N. C. State. 

x2. The production of new species of cotton (Lantern). J. O. Beasley, 
U. S. Dept. Agr. Cotton Lab., Raleigh. 

3. A mosaic disease of cowpea (Lantern). S. G. Lehman, N. C. 
State. 

x4. The manner in which excess of COt reduces water intake in plants 
(Lantern). P. J. Kramer, Duke. 

5. HeterothaUism in the Chytridiales (Lantern). John N. Couch, 
U. N. C. 

x6. Cytology of a new species of the Plasmodiophoraceae. Alma J. 
Whiffen, U. N. G. 

x7. Vegetative regeneration in the West Coast Manzanitas (Lantern). 
J. E. Adams, U. N. C. 
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8. The reloHonship of Peeudolpidium and Olpidiopsis (Lantern). 
Lbland Shanob, U. N. C. 

x9. Peat formation in the Carolina Bays (Lantern). Mubbay F. 
Buell, N. C. State. 

10. Clavochytridium; a new genus of the Ch 3 rtrids. Hiden T. Cox, 
U. N. C. 


ZOOLOGY SECTION 

xl. A new trematode from Chelydra serpentina (Lantern). H. G. 
Bbitt, Wake Forest. 

2. Sex determination in the parasitic wasp, Habrobracon juglandis 

(Lantern). C. H. Bostian, N. C. State. 

3. A new species of Brachylacmus (Trematodd) from the barred owl 

(Lantern). Reinabd Harkema, N. C. State. 

4. An effective. Heidenhain's hematoxylin staining technique for 

certain intestinal protozoa, particularly Endamoeba coli cysts. 
Lawrence S. Ritchie, W. C. of U. N. C. 

5. Degenerative and regenerative changes in the rat testis following 

infra-red treatment (Lantern). W. L. Williams and Bert 
Cunningham, Duke. 

*6. Metabolism and sex in the hen's egg (Lantern). Bert Cunning- 
ham, Duke. 

x7. The openings of the seminal receptacles of earthworm (Lantern). 
E. C. Cocke, Wake Forest. 

8. What is in a name? (Ijantern). Z. P. Metcalf, N. C. State. 

MATHEMATICS SECTION 

xl. Note on a sampling restriction. J. A. Greenwood, Duke. 
x2. On loci associated with osculants and penosculants of a plane curve. 
E. A. Cameron, U. N. C. 

x3. Conditions on two singular matrices A and B, such that AB and 
BA may have the same reduced characteristic function. H. V. 
Park, N. C. State. 

x4. Conditions thal a matnx B be expressible as a polynomial in a set 
of partial idempotent and nUpoteni elements of a given matrix A. 
H. M. Nahikian, N. C. State. 

5. Solution of multiple simultaneous linear equations. T. F. Hicker 
SON, U. N. C. 
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PHYSICS SECTION 

xl. The relation between the reading and the area of exposure of a 
Weston Photronic Foot Candle Meter (Lantern). J. B. Db- 
RiEUX, N. C. State. 

x2. The production of a uniform magnetic field in a long rectangular 
box, Arthur E. Ruark, U. N. C. 
x3. On the variations in wave form at different points in the tank circuit 
of a H,F, vacuum tube oscillator (Lantern). Sherwood 
Githens, Jr., Wake Forest. 

4. Phenomenon of a series resonance circuit, Forrest W. Lancaster, 

N. C. State. 

5. Some observations on the effect of surface oxide films on electrode 

potentials of aluminum and chromium, W. E. Speas, Wake 
Forest. 

6. Penetration in the atmosphere of the hard component of the cosmic 

radiation, L. W. Nordheim, Duke. 

7. Geiger’-Mueller counter demonstration of the penetrating power of 

alphoj beta, gamma rays, C. M. Ryerson, Duke. 

north CAROLINA SECTION OP THE AMERICAN CHEMICAL SOCIETY 

1. Identification of complex ions in solution by means of the spectra- 

photometer. W. C. Vosburgh and Gerald R. Cooper, Duk(‘. 

2. Aqueous solubilities of some unsaturated alcohols. P. M. Ginnings, 

Eleanor Herring and Doris Coltrane, Greensboro College. 

3. The formation and composition of Pinene gum. Bernard Berger, 

U. N. C. 

4. Vitamins A and B in soybeans and cowpeas. F. W. Sherwood 

and J. 0. Halverson, N. C. State. 

5. Some derivatives of alkyl sulfonic acids. P. H. Latimer, U. N. C. 

6. The lipids of certain pathogenic fungi. R. L. Peck and C. R. 

Hauser, Duke. 

7. The dielectric constant of mixtures of some polar liquids, Elmer 

F. Drake and Marcus E. Hobbs, Duke. 

8. The vitamin C content of ten varieties of watermelons (Lantern). 

G. Howard Satterfield and R. E. Clegg, N. C. State. 

9. Some changes in brine composition occurring during the salting 

of cucumbers, Ivan D. Jones, N. C. State. 

high school science teachers 

tl. The four-year integrated science course. E. R. Robinson, Green- 
ville. 
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2. Science clubs in North Carolina, Caroline Powell, Salisbury. 

3. Making the public more science conscious, John W. Wood, 

Old Town. 

4. A high-school science library and its use, Harry MacDonald, 

New Bern. 

6. A community museum, George W. Robb, Washington. 

EXHIBITS 

. Special Exhibits 

An effective Heidenhain^s hematoxylin staining technique for certain 
intestinal protozoa^ particularly Endamoeba coli cysts, Lawrence 

S. Ritchie, W. C. of U. N. C. 

The following abstracts have been received. 

Atmospheric Pollen Survey of Danville, Virginia. Elton C. Cocke. 

An accurately determined pollen survey furnishes the best clue to the 
hay fever potentialities of any given locality. The pollen cycle is 
repeated year after year with only slight variations due to seasonal 
conditions. The pollen content of the atmosphere at Danville, Virginia, 
for 1936-37 is discussed. The data for this study were obtained from 
the results of daily count of the pollen grains caught on slides coated 
with glycerine jelly and exposed to the air for 24-hour periods. Arbo- 
real forms shed their pollen from February 1 through May, reaching a 
maximum about May 1. During June and July grasses, plantains, 
and docks were the principal forms of vegetation shedding sufficient 
pollen to be recorded on pollen plates. On August 2 ragweed began 
to appear on the pollen slides. The concentration of this pollen in- 
creased rapidly until on the 12th of September, when it reached a 
maximum of 6000 per cubic yard. The pollen content of the air dimin- 
ished rapidly from this date to the end of September. During October 
scattered grains of ragweed, grasses, chenopods, goldeiirods, and other 
weeds were caught, but never in appreciable quantities. 

Assuming twenty cubic yards as the normal intake of air per person 
per day, then during the maximum period of tree pollination persons 
in Danville inhaled from 50,000 to 500,000 pollen grains daily. The 
average number of ragweed pollen breathed in per day during the 
ragweed pollinating season was about 30,000 grains on the day of 
maximum production of ragweed pollen approximately 100,000 granules 
entered the respiratory tract of each person in this area. The pollen 
production at Danville is not unusually high, in fact it is probably lower 
than many areas of the United States. 
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The Effect of Manganese and Copper on Tobacco. W. B. Rankin and 
L. F. Williams. 

Tobacco plants growing in nutrient solutions were treated with 
varying concentrations of copper and manganese. The influence of 
the salts was measured by growth response, curing properties of the 
leaves, dry weight determinations, and analyses for copper, manganese, 
reducing sugars, and chlorophyll. 

Seeds from plants which had previously shown much cherry leaf were 
sown in soil, and the per cent of cherry leaf which dev.eloped upon curing 
was determined. This preliminary investigation led to the conclusion 
that cherry leaf may be an inherited phenomenon. C!opp)er and manga- 
nese absorption from soil was studied. 

In the proper concentration manganese stimulates reproductive 
growth and increases dry weight; in the concentrations studied copper 
retards reproductive growth and decreases dry weight. The applica- 
tion of copper sulfate to all soils as a component of the general fertilizer 
is a highly questionable procedure. 

It was not possible to demonstrate any correlation between the 
presence or absence of copper or manganese and the occurrence of cherry 
leaf. 

The Respiratory Mechanism in the Grasshopper, F. H. McCutcheon. 

The present explanation of respiration in the grasshopper states that 
the respiratory cycle consists of two parts: (a) an inspiratory phase 
during which the anterior four spiracles are open and the last six closed, 
and (b) an expiratory phase during which the opening of the spiracles 
is reversed. Such a mechanism does not provide means for supplying 
air rapidly to more remote parts of the tracheal system. Here the 
progressively smaller tubules cause an increasingly higher resistance 
to the passage of air. 

A study of the correlation between abdominal movements and the 
opening and closing of the spiracular valves was made with the aid of 
kymograph records. It showed the mechanism tx) be more complex 
than the one described above. Normal and dyspneic breathing were 
found to differ with reference to the nature of abdominal movements, 
but three distinct phases were always distinguishable in the respiratory 
cycle. These phases are (a) inspiratory, (b) compressatory, and (c) 
expiratory. The second phase, to which the name compressatory is 
given, appears to provide the necessary mechanism to force air to the 
smaller tracheal branches. 
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A capillary manometer sealed to the second spiracular opening 
demonstrated the efficacy of the eompressatory phase in creating 
pressure in the tracheal system. 

So far as physiological specialization for greater activity is concerned, 
the eompressatory phase might be considered the most important part 
of the respiratory cycle in insects. 

MiUa per Dollar with Different Grades of Gasoline. J. B. Derieux. 

The three standard grades of gasoline, “Premium,” “Regular,” and 
“White,” were tested. In the method used the fuel pump was dis- 
connected from the regular pipe leading to the automobile tank, and 
connected to a rubber tube leading into a 500-cubic centimeter graduated 
cylinder filled with the gasoline under test. Readings of the amount 
consumed were taken for a travel of a measured mile forward and return, 
which procedure practically eliminated grade and wind effect. Read- 
ings were taken at different speeds from five to sixty miles per hour. 

The mileage of each rose rapidly as the speed increased until the 
speed reached about twenty-five miles per hour, after which it gradually 
fell off. At the highest mileage value the “Premium” gave about 
eighty-one miles per dollar, the “Regular,” mnety-three, and the 
“White,” one hundred and seventeen At ten miles per hour the 
respective values were seventy-five, eighty-five, and one hundred and 
two. At fifty miles per hour, they were sixty-five, seventy, and ninety. 

Efficiency of an Aspirator Type of Basement Water Drainer. J. B. 

Derieux. 

The drainer was connected at the proper end by a length of rubber 
hose to the city water supply and to the exhaust end of it was connected 
a 15-foot length of f-inch hose. The drainer was then laid in the 
bottom of a wash tub filled with water, which had a depth of one foot. 
Measurements of water exhausted and water consumed were made with 
the delivery end of the exhaust hose at elevation intervals of one foot, 
which was the top of the tub, to twelve feet, the latter being the maxi- 
mum elevation at which exhaust would take place. 

The volume exhausted in each case was determined by measuring the 
amount to refill the tub after each run. The volume consumed was 
determined by measuring the gross amount from the exhaust, and sub- 
tracting from it the amount exhausti'd from the tub. Each run was of 
one minute duration. 

As to the amount of each water, graphs were plotted with elevation 
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and volume as axes. The graph of the exhausted sloped downward with 
increasing elevation, and was almost straight, but curved slightly with 
the concave side upward. This exhaust graph, extended to zero eleva- 
tion, gave 13 quarts per minute at zero elevation, and as mentioned, 
before, zero quarts at twelve feet of elevation. The volume consumed, 
was practically constant at all elevations, which was quarts per 
minute, the graph of which, of course, was a straight line parallel with 
the elevation axis. 

The efficiency was considered as the ratio of the exhaust volume to the 
net consumed volume. The graph, with height of exhaust and per- 
centage as axes, was similar to the graph of the amount, at zero iieight 
the percentage was 150 and at twelve feet it was zero. The 100 per 
cent value came at an elevation of about four feet. 

Distribution and Development of Tobacco Roots, L. J. Gier. 

A number of plants were removed from the beds by the soil block 
washing method and from the field by the trench method. Drawings 
and measurements were made of the root systems and the plants dried 
for shoot-root ratio studies. The ratio was found to bo near 10:1 
through the entire season with a consistently high correlation between 
the dry weights of shoots and roots. Mature plants were found to have 
about 1400 feet of roots. Soil type seemed to have little effect on the 
root pattern, but depth of plowing did change the distribution of feeders. 

Sex Chromosoifies in Plants: A Cytological Hoax, Henry Wilhelm 

Jensen. 

Two paramount considerations upon which the theory of sex chromo- 
somes has been built are discussed. From investigations upon the 
pre-meiotic chromosomes of Rumex acetosella, Rheum Rhaponticum, 
etc., doubt is cast upon the continuous individuality of the chromosomes 
in these species. The meiotic chromosomes appear to originate from a 
fundamentally continuous spireme which splits into two strands, out 
of which the haploid number of chromosomes later become segmented. 
Under such conditions sex chromosomes cannot be conceived. 

A review of the literature on sex chromosomes in the Angiosperms 
shows that these peculiar meiotic phenomena are generally found in 
plants belonging to large and variable genera in which both hermaph- 
roditic and unisexual specigs abound. The origin of these unisexual 
species appears to be relatively recent and through the agency of 
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hybridieation. Investigation of meiosis in Rutnex acetos^, R. acetosa, 
Lychnis alba, SmUax rotundifolia, Dioscorea quartemata, and Ilex opaea 
give ample evidence of previous hybridization of the species. The 
absence of sex chromosomes in monotjrpic species is emphaazed. The 
occurrence of recent hybridization and recent assumption of the uni- 
sexual habit in these species is shown to question the probable enstence 
of a sex completely homozygous to sex in any of these species. Since 
the problem therefore becomes one of getting the abnormal chromosome 
complement associated with the same sex generation after generation, 
the disposition of the supposedly homozygous sex in the selective ability 
of its gametes is advanced as a better explanation of the facts. A more 
thorough knowledge of the csdological behavior of unisexual species 
and their related hermaphroditic species and hybrids makes the theory 
of sex chromosomes in plants illogical. 

Remarks Concerning A Natural History Survey of Great Smoky Moun- 
tains National Park. Arthub Stupka. 

The Great Smoky Mountains National Park, established in 1926, is 
an area of approximately 420,000 acres lying astride the high crest of 
the Southern Appalachian Mountains. The North Carolina-Tennessee 
state line runs the full length of the park for a distance of 71 miles, 
dividing the total area equally between these two states. Sixteen 
peaks have elevations in excess of 6,000 feet. 

The region is one of very ancient rocks, and its vegetation has re- 
mained undisturbed for some 200 million years. The climate is diversi- 
fied, with relatively cool and humid conditions prevailing at high 
altitudes. As in all national parks, no hunting, trapping or picking of 
plants is allowed; collecting permits, however, may be granted to 
scientific workers. 

In order that park visitors may better understand and enjoy the 
natural features which distinguish this area an educatiotial program is 
soon to be offered as a free government service. Guided field trips, 
lectures, exhibits and publications will be the means whereby visitors 
may better acquaint themselves with the park. The security of 
information on which this program is to be based has been our problem 
since 1935, and in this the park naturalist has been assisted by vanous 
scientific workers. Certain members of the North Carolina Academy 
of Science may be interested in assisting with the many floral and faunal 
problems which remain. 
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The DiMribyUon of the Fiber Popvlcdion an the Cotton Seed, Jerry H. 
Moore. 

The distribution of the fiber population on the seed coat has been 
measured in the following tjrpes of cotton : 

Naked seed^ (no fuzz on the seed coat) 

Semi-naked seed^ (fuzz mostly on the micropylar and chalazal ends 
of seed) 

Fuzzy seed^ (dense fuzz population on the seed coat) 

Tufted seed* (dense fuzz population on the micropylar end of the 
seed) 

The results indicate that the distribution of the fiber population 
(commercial hairs or long fiber) of the several types studied is similar; 
because the population of each type is densest at and near the chalazal 
region of the seed and becomes less dense in passing from there toward 
the micropylar end; and also because the density of population decreases 
in going outward in a horizontal direction toward the raphe from a line 
on the surface of the seed coat directly back of the raphe. While the 
distribution of the fiber population of the types is somewhat similar, 
comparisons made for Goodness of Fit for fiber distribution indicate 
that the fit for the fuzzy- and naked-seed types is fair and that the 
agreement for fuzzy and semi-naked types is poor. 

The relation of variability in the density of fiber population on seeds 
of the fuzzy type to fiber length and also to fiber weight per inch has 
been determined. The simple correlation of density of population with 
fiber length is not significant, while the simple correlation of density of 
population with fiber weight is significant with a negative association, 
that is, an increasing density of fiber population is associated with a 
decreasing fiber weight. Both of these relationships are probably 
affected by the position of the fibers on the seed coat. 

Archaeology in North Carolina. Jopfre L. Coe. 

Archaeology is a discipline that draws knowledge from every field of 
science and organizes it to make a comprehensive study of man in the 
past. It seeks to extend the horizon of recorded history, to examine 
and evaluate the product of man^s achievement, and to obtain an 
objective understanding of the conquest of civilization. 

Before Sir Walter Raleigh dreamed of a new England or the child 
Virginia was bom to Eleanor Dare there were many different tribes of 

' Gosaypium hirautum. 

* Goaaypium barbadenae. 
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Indians occupying the geographic area we now call North Carolina. 
Their history is long and colorful, and may, in part, still be read with 
the aid of archaeological methods. 

In the past North Carolina has shown little interest in its prehistory 
and has allowed a large part of its aboriginal monuments to be destroyed 
by erosion, plowing, and promiscuous digging, but no% the efforts of 
the North Carolina Archaeological Society are being rewarded in that 
more and more people in the state are becoming aware that archaeology 
is a legitimate tool with which we may supplement the recorded history 
in our books and manuscripts. 

Mechanical A nalysis of Triassic Sediment. Willard Berry. 

Eighty samples were collected from twenty-one localities in the Tri- 
assic of Anson County, North Carolina Twenty grams of each sample 
were agitated with water for twenty-four hours, then the silt washed off 
and both silt and coarser residue dried. The coarser material was 
fractioned through 8, 16, 20, 30, 40, 50, 100, and 200 mesh United States 
series screens for ten minutes and all portions weighed and charted on a 
per cent basis. The fractions were given a preliminary examination 
for minerals, the following being identified — quartz, feldspar, coal, 
chlorite, muscorite and biotite; in addition, several as yet unidentified 
minerals were observed. The prevailing chocolate red of the sediments 
is due to iron staining of the quartz, which it is possible to wash clear. 
Discarding the samples which did not break down, we have fifty-seven 
which it is possible to group into nine shales or silt stones and eight 
arkosic sandstones and conglomerates on the basis of the mechanical 
analysis charts. At the present time, I cannot definitely correlate these 
beds on this basis as the petrographic examination is not completed 
and more samples must be collected, but the conglomerates and shales 
show a tendency to line up with a more or less NE-SW strike which 
corresponds with field evidence. Additional work will confirm or 
disprove the value of mechanical analysis plus petrographic examination 
in correlating Triassic sediments. 

Vitamin A in Sheep^s Milk and Colostrum. R. E. Clegg and G. 

Howard Satterfield. 

A study of the variation of the vitamin A content of* the colostrum 
and the milk of ewes and the effect of mature and immature soy beans 
on the vitamin A content of the milk and colostrum was investigated. 

The vitamin A content was determined by the reaction of Carr and 



242 JotJBNAL OP THE MiTCHELL SOCIETY [December 

Price and waa estimated in a Lovibond tintometer. The carotene 
content of the milk and colostrum was also estimated in the tintometer. 

The vitamin A content of the later milk averaged 0.61 blue units 
per gram of sample. The vitamin A concentration of the colostrum was 
found to be from 6 to 57 times as great as in the later milk. The group 
fed on mature soy bean hay was lowest in average vitamin A content, 
while the group fed the immature soy bean hay was the highest. Under 
the conditions of the experiment the carotene content of the later milk 
was higher than that of the colostrum. On the average the colostrum 
of the older animals contained more vitamin A than did the colostrum 
of the younger animals. 

Studies of the Fruiting Habit of the Peanut G. K. Middleton and 

P. H. Harvey. 

By tagging peanut {Arachis hypogaea) flowers as they appeared, their 
distribution on the plant and the development of the fruits were studied 
on three varieties. Well matured seed developed largely from flowers 
produced in the first three or four leaf axils. Most immature seed and 
unfilled pods, or ^‘pops,” also occurred in this same relative position, 
but there was a slight tendency for the latter to occur further out on the 
branches Under the conditions of the experiment, Virginia Bunch 
(large seeded variety) produced a relatively large number of ‘‘pops^^ 
and few good seed as compared with the North Carolina Runner (small 
seeded variety) which produced few ^^pops.^' Jumbo Runner was 
intermediate in this respect. 

The Production of New Species of Cotton, J. 0. Beasley. 

The chromosome number was doubled in 12 types of cotton by 
immersing apical meristems for 24 hours in 0.2 per cent solution of 
colchicine. Since a number of the types were sterile hybrids, doubling 
their chromosome numbers gave fertile polyploids, some of which are 
probably new species, for they are expected to breed almost true. The 
new types of cottons have fiber characteristics not possessed by the 
previously existing cottons; there are possibilities that some of these 
polyploids or their derivatives will produce fibers suitable for special 
purposes. 

Polyploidy makes it possible for plant breeders to transfer the wealth 
of genes in distantly related wild species to cultivated types. Since 
certain combinations of species give sterile polyploids because the 
species are too closely related, it is proposed that relationships can 
probably be changed with the use of x-rays. 
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The Manner in Which an Excess of Carbon Dioxide Reduces the Intake 

of Water by Plants. Paul J. Kramer. 

Saturating the water or soil in which plants were growing with COa 
reduced the transpiration rate within one half to one hour by from 34% 
to 51%. The rate of exudation from the stumps of detopped plants 
was reduced by over 70%. The rate of water movement through living 
root systems attached to a vacuum pump was reduced by 38% to 56% or 
approximately as much as the rate of transpiration. While the per- 
centage reduction in ('xudation was high the amount of water supplied 
to the plant by pliysiological absorption, which is the type of absorption 
responsible for exudation, is only about ten per cent of the total required 
by a freely transpiring plant. The complete cessation of physiological 
absorption would not explain the large reduction in absorption by 
transpiring plants. It is believed that increased resistance to water 
movement across the living cells of the cortex is the most important 
cause of reduced absorption This increased resistance probably results 
from changes in the colloidal structure of the protoplasm and cell mem- 
branes brought about by low pH. 

The Cytology of a New Species of the Plasmodiophoraceae. Alma J. 

Whiffen. 

In all of the genera of the Plasmodiophoraceae studied cytologically, 
reduction division has been reported as occurring just previous to the 
formation of the resting spores. There arc two views as to where in the 
life cycle karyogamy occurs. It is believed by Cook that the zoospores 
fuse in pairs, the nuclei of the plasmodium are diploid and the akaryote 
stage and reduction division occur previous to both the formation of 
resting spores and of zoosporangia. Horne and Webb contend that the 
zoospores do not fuse but that fusion occurs during the akaryote stage 
and the nuclei of the plasmodium are haploid. In Octomyxa Achlyae 
the akaryote stage and reduction division do not occur in the plasmo- 
dium that gives rise to zoosporangia. All nuclear divisions in the 
zoosporangia are of the typical mitotic type. The nuclei of the plas- 
modium which gives rise to resting spores pass through the akaryote 
stage and undergo reduction division. The chromatin of each daughter 
nucleus of the reduction division is divided on a quadripolar spindle, 
giving rise to a tetrad of daughter nuclei. At the end of the tetrad 
division the protoplasm is cut up into uninucleate resting spores which 
are aggregated in groups of eight. In Octomyxa Achlyae fusion is be- 
lieved to occur during the akaprote stage. The quadripolar spindle is 
unique among the fungi. 



244 Journal of the Mitchell Society [December 

Vegetative Regeneration in the West Coast Manzanitas. J. E. Adams. 

The Manzanitas, members of the ericaceous genus Arctostaphylos, 
are a conspicuous and often dominant element in the chaparral of the 
Sierra Nevada and Coast Ranges of California. Taxonomically the 
genus is a difficult one owing to the slight degree of differentiation in 
flowers, fruits, and foliage. Workers without field experience are thus 
likely to recognize few specific heads. In the field, however, the species 
are observed to be different in their reaction to fire. Some are killed 
outright by fires of low intensity while others are able promptly to 
establish a new crown by sprouting from the base. This reaction to fire 
does not cut across specific lines. The specific reaction of the Man- 
zanitas to fire was first observed by Jepson in 1916 and in a recent revi- 
sion of the genus has been given considerable taxonomic weight. 
Although the ability to regenerate by sprouting after destruction of the 
top by fire or mutilation is not unique, Arctostaphyhs offers a striking 
case of sharp specific differences in this respect. Of thirty-three species 
recognized about one-third are sprouters. 

Those species which sprout have a conspicuously enlarged, usually 
globose root-crown while those that are killed outright by fire have 
no such enlargement. Under the influence of recurring fires the en- 
larged root-crowns may by rapid lateral extension become large and 
heavy woody platforms or tabular structures 6 to 8 feet in diameter 
from which sprouts arise in great profusion following fire. 

Although fire may influence to some degree the size, shape, and 
rapidity of development of the enlarged root-crown in the sprouting 
species, it is not responsible for its existence as has been heretofore 
supposed. Even in very young seedlings the beginnings of the enlarged 
root-crown are observable as a small nodule which increases regularly 
in size as the plant grows. In plants growing in areas unvisited by fire 
this enlarged root-crown may attain a diameter of 1 or 2 feet. 

The difference in regenerative ability of the species is of considerable 
importance in the construction and maintenance of fire-breaks in 
chaparral and timber land and in flood and erosion control. The 
taxonomic usefulness of this feature is greatly enhanced by the fact that 
the enlarged root-crown is a normal structure readily observable at any 
stage of development. 

PecA Formation in the Carolina Bays. Murray F. Buell. 

The Carolina Bays, elliptical depressions on the coastal plain which 
are believed to have been formed by a shower of meteorites, were 
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originally occuined by lakes. Doubtless many of these have disap* 
peared through erosion; some have been drained and are completely 
under cultivation; a few still contain lakes; but most of them are com- 
pletely filled with peat. The way these peat deposits have been built 
up is illustrated by the present lakes where peat formation is still going 
on. Island formation through the establishment of trees and shrubs 
on the bases and knees of pioneer cypresses together with a shrub mat 
growing out slowly from the margin contribute organic debris which 
falls into the lake and accumulates as peat. In these lakes herbaceous 
vegetation is scarce. This together with the pioneer role of trees makes 
a striking contrast with northern bog lakes. 

A New Species of Trematode^ Telorchis caudata^ from Chelydra serpentina. 

H. Grady Britt. 

Specimens 2.04 to 4.2 mm. long by 0.3 to 0.62 mm. wide. Acetabu- 
lum located at end of first fourth of body length; 0.105 to 0.178 mm. in 
greatest diameter. Oral sucker slightly oval with diameters from 
0.178 by 0.19 mm. to 0.24 by 0.26 mm. Short prephar 3 rnx. Pharynx 
broadly oval, 0.129 to 0.84 mm. long and 0.153 to 0.123 mm. broad. 
Short esophagus measuring 81 microns. Ovary spherical or broadly 
oval, right of median lino, located at beginning of second third of body 
length; greatest diameter 0.15 to 0.23 mm. Seminal receptacle present. 
Vitellaria begin at level of ovary and occupy middle third of body. 
Eggs 14.8 by 32.0 microns in region of ovary. Testes in contact, pos- 
terior testis the larger, 0.186 to 0.34 mm. long by 0.21 to 0.33 mm. 
wide. Anterior testis 0.2 to 0.34 mm. wide by 0.16 to 0.24 mm. long. 
Genital pore one-half to two-thirds the distance from acetabulum to 
crural fork. Cirrus sac extends from genital pore to below anterior 
margin of ovary. Excretory system Y-shaped. Host: Chelydra 
serpentina. 

Telorchis caudata nov. sp. resembles Telorchis «<enonwm Tngles more 
closely than any other North American species. It differs from that 
species, however, in several respects. T. caudata is smaller, oral sucker 
and phar 3 mx larger, ratio of acetabulum and oral sucker different, 
esophagus shorter, position of genital pore farther from acetabulum, 
eggs larger, host different, and vitellaria begin at different level of ovary. 

The Openings of the Seminal Receptacles in the Earthworm. Elton C. 

Cocke. 

The exact location of the openings of the seminal receptacles of the 
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earthworm is incorrectly described in many old and present day text 
books on zoology and general biology. These openings are almost 
always described or pictured as communicating to the exterior through 
pores on the '^veniral side^^ of the worm. This is not the case at all for 
they actually open well up on the lateral sides about in line with the 
lateral setae. 

There are possibly two reasons why this error has gotten into the 
texts and from them become well established in the minds of teachers 
and students, these are: (1) in dissecting earthworms they are usually 
opened along the mid-dorsal line and the sides pinned down flat, then 
the seminal receptacles are seen in a plane with the nerve cord and 
other ventrally located structures; (2) it seems logical from the very 
nature of the process of copulation that these pores should be on Ihe 
ventral side in line with the male genital pores and seminal groove. 

Careful observation with a lens or dissecting microscope will reveal 
the openings of the seminal receptacles about in line with the lateral 
setae. Cross sections of the worms through these organs will further 
convince one that the openings are on the lateral sides and not on the 
^^ventral side” as has been so often described. 

Note on a Sampling Restriction. Joseph A. Greenwood. 

It is known that the number of samples selected must be pre-assigned 
or determined independently of the results. In certain types of testing 
adaptable to an ordered selecting of samples such as the die tossing type, 
this pre-assignment of length of experiment constitutes a real restriction. 
This paper injects an element of choice in an otherwise tight procedure. 
With the samples consecutively grouped in blocks, the (restricted) sizes 
and an upper bound to the number of blocks given in advance, th(' 
probability that a deviation ratio of +X or better be attaiiu^d in th(' 
total at any of the block division points is shown to be less than 
p + (n — l)p'. p is the probability of attaining it on block one, p' 
that of failing on block one but succeeding on block two. n is th(i upper 
bound to the number of blocks. A brief table of p' is also given. 

On hod Associated with Osculants and Penosculants of a Plane Curve. 

E. A. Cameron. 

At a typical point M of a plane curve C, which satisfies certain general 
conditions, there exists a unique member of a specified class of curves 
ipy which has maximum order of contact with C at M. This member of 

designated as F, is called the osculating member of tp to C. There 
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also exists at M a one-parameter family of curves of class (p which have 
contact with C of one lower order than does F. This family, designated 
as g, is called a family of penosculants. F may have associated with it a 
point P of such a character that the points corresponding to P for the 
members of g form a continuous curve L. The relation between the 
envelope of L and the locus of P, as M moves along C, is studied. A 
general principle describing this relationship is stated and illustrated. 
The statement and several illustrations of a dual principle are also given. 


Conditions on Two Singular Matrices A and B Such that AB and BA 
May Have the Same Reduced Characteristic Function. H. V. Park. 
The Reduced Characteristic Function of a matrix M in the complex 
field is that polynomial, of low^est degree such that ^(M) = 0. 

It can be shown that <p{\) = ^ , where ^(X) is the g.c.d. of all 

first minors of the determinant | M — X/ 1 . 

Let X = AB, Y = BA, x(X) = Il.C.F. of X, and y(X) = R.C.F. 
of Y, If A and B are singular then x(X) is not always equal to y(X). 
The purpose of this paper was to obtain necessary and sufficient con- 
ditions that x(X) = y(X) if both A and B are singular. 

The following most important results were obtained: 

Theorem 1 : A necessary and sufficient condition that x(X) = y(X) is 
that there exist integers a > 0, f ^ 0, such that the matrices {AB)^, 
{BA)^ arc both of rank > { for j < a, while they are both of rank 
equal to { for every j ^ a. 

Theorem 2: If A is of rank r, a sufficient condition that x(X) = y(X) 
is that ABA be of rank r. 

Theorem 3: If r < 2 and if ABA 9 ^ 0 when r == 2, then x(X) = y(X) 
if and only if AB is of the same rank as BA. 

Theorem 4: If n < 3, then x(X) = y(X) if and only if AB is of the 
same rank as BA. 

Theorem 5: If g(X) is the R.C F. of Z , a necessary and sufficient con- 
dition that x(X) = y(X) is that the two matrices X and Y both do 
or both do not satisfy g(X) = 0. 

( U Y 
W Z 

where P and Q are non-singular matrices chosen so that 


)■ 


PAQ = 
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CondtUong that a Matrix B he Ezpreeeible as a Polynemki in a Sd of 
Pmiial Idemptdent and NUpotent ElemerUs of a Matrix A. H. M. 
Nahkum. ' 

In this investigalion, we assume a given nth order matrix A <■: (au) 
witll elements an in the field of all complex numbers. Assuming that 
A possesses partial idempotent and nilpotent elements (pn, nn, we seek 
conditions on a matrix B that it be expressible as a polynomial B 
2aijk(^unu}’‘ in these elements, where the aijk are scalars. We con- 
clude that: 

(1) It is necessary that B permute with A. 

(2) The scalars aijk in the expression B = 2aijk(^iii;ij)'‘ are unique. 

(8) If A has elementary divisors (X — a)*‘, ei > ■ • • > 0 , then 

B = 2;aijk(^iiinj)'' has a unique canonical form M, where 

P-‘BP = M, and P-‘AP = A. 

(4) If A is a scalar matrix, then every matrix B is expressible as a 

polynomial in a set of partial elements of A, either irreducible 
or pseudo-partial. 

(5) If A has elementary divisors (X — «)*', and if AB == BA, a 

sufficient condition is that the factors (X — Xi)*‘, • • • , (X — X,)*' 

in the characteristic function f(X) = (X — Xi)*‘of B be rela- 

j-i 

tively prime in pairs. 

(6) If A has elementary divisors (X — ai)*“, a necessary condition 
is that B have elementary divisors (X — Xi)'“, where vi, ^ Oij. 

(7) A necessary condition is that A and B both be expressible as 
polynomials in a third matrix C. 

(8) If A and B are expressible as polynomials A = f(C), B = g(C) 
in a third matrix C, then B is not necessarily expressible as a 
polynomial in a set of partial elements of A unless f'Cyu) 0, 
where yti are the characteristic roots of C. 

(9) A necessary condition is that B satisfy a matric equation 

B' + Fx(A)B'-‘ + ... + F,(A) = 0, 

where v does not exceed the number of elementary diAdsors of A, 
and where the Fk(A) are scalar polynomials in A. 

The Relation Between the Reading and the Area of Exposure of a Photronic 
Foot Candle Mtder. J. B. Debibux. 

A source of light was placed so that its rays fell on the senmtive surface 
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at norma! incidHince, and so far away from it that the rays were prac- 
tically parallel. In the first method usecU 'an iris diaphragm was 
placed over the sensitive surface, which wm clrtular, and concentric 
with it, then opening the diaphragm in steps the instrument reading of 
foot candles was observed, the diameter of the diaphragm aperture mea- 
sured, and the area which it exposed computed. The grgph, with 'area 
exposed, and foot candle reading, as axes, was a smooth curve but far 
from being straight, as it should have been if the reading was propor- 
tional to the area. Rising from the origin, it curved away from tlie 
area axis as the area was increased, thus indicating that the effective- 
ness of the area increased toward the periphery. And at the center, 
the reading was zero up to an area of about 0.5 square centimeters, 
thus indicating a dead spot there. The graph of the ratio of reading to 
area, and area, as axes, was a smooth curve with increasing ratio as the 
area increased, and concave toward the area axis. The ratio had a 
value of zero up to .5 square centimeter and a value 5 for an area of 
6 square centimeters. 

A test as to effectiveness of different parts of the periphery, and the 
center, was made by placing a 1 square centimeter aperture at dif- 
ferent points and observing the reading. At right, top, left, bottom, 
and center, the readings were approximately 4, 6, 5, and 3, and 2 
respectively. This showing that different parts near the periphery 
were not equally effective, and that the center was less effective, as 
was found by the previously described method. 

The effectiveness of different sectors, each of which included a portion 
of the center and of the periphery, was measured. This was accom- 
plished by cutting a 45 degree sector out of a metal di^ which was (tf 
the same diameter as the cell head, and rotating in 45 degree steps. 
The reading again showed a variation, which was in accord with the 
readings with the aperture along the periphery. 

The conclusions are that the readings are not proportional to the 
area. In the first test, where the area was increased concentrically with 
the cell, and the area was found to be less effective near the center, it 
was first thought that this was due entirely to the larger resistance 
resulting from the greater path of the current from that area, since the 
electric contacts are at the periphery. But when the further investiga- 
tion found the variations in the sensitivity of the periphery, and of the 
sectors, it was finally concluded that the variation was produced by the 
variation in the sensitivity of different areas of the cell. 
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The Production of a UtUform Magnetic Field in a Long Rectangular Boec. 
Russell H. Ltouane and Arthub E. Ruark. 

Extending work by F. K. Harris, wo show how to produce a highly 
uniform magnetic field in a rectangular box long compared with its 
cross section, by using a pair of rectangular coils placed on opposite 
sides of the box. If the width of each coil is 1.73 times the distance 
between them, the region in which the field deviates less than one per 
cent from the value at the center is about 9 times larger than that 
obtained with previous coils having other width-distance ratios. 

Use of square wire-bundles causes the main correction terms depend- 
ing on finite cross section to vanish. The homogeneity achieved com- 
pares favorably with that obtainable by Helmholtz coils. 

On the Variations in Wave Form at Different Points in the Tank Circuit 
of a H,F. Vacuum Tube Oscillator. Sherwood Githens, Jr. 

It has been customary, in construction and mathematical treatment, 
to view the operation of a high frequency vacuum tube oscillator as an 
entity, and to assume that the time-variation of the current and the 
magnetic field is the same at every point in the circuit. Observations 
made upon the h.f, magnetic field in the tank circuit inductance reveal 
that the field^s time-variation differs from point to point; and that 
it is truly sinusoidal at only one point, and then only under certain 
conditions. Therefore, the ‘^purity’' or “harmonic content^^ of the 
output from the oscillator depends quite markedly upon the location 
of the output coil with reference to the primary, or tank, coil. The 
data show that balancing of the primary circuit and proper placing of 
the output coil are perhaps more potent means of improving emitted 
wave form than the use of wave-traps to selectively repress undesired 
frequencies. 

H. L. Blomquist, 
Secretary. 
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386th Meeting, October 11, 1938 
J. W. Huddle: The Paleontologist’s View of Species. 

It was reported that Dr. MacPherson who had been elected vice- 
president at the 385th meeting could not serve, and the president 
appointed a committee consisting of T. F. Hickerson, chairman, F. K. 
Cameron, and W. F Prouty, to appoint a vice-president. Dr. E. A. 
Cameron was chosen for this oflSce. 

At this meeting further arrangements were made for the luncheon 
to be given on October 24 by the Mitchell Society to the National 
Academy, which was to be meeting here at that time. 

387th Meeting, November 8, 1938 

Archibald Henderson. Unfamiliar Methods of Constructing the Roots 

of the Quariic Equation. 

Archibald Henderson gave three methods which may be described as 
novel as they are apparently not to be found in the literature on the 
geometric solution of the quartie equation. In each of these methods, 
use is made of the parabola x® = y, of which, for class-room use, a 
templet should be available. 

The first method, based on Ferrari's solution of the quartie, proceeds 
in the usual manner until the Resolvent Cubic is found. By a transla- 
tion in the x-direction, the second term of the Resolveilt Cubic is re- 
moved. By the use of the templet and a certain circle, the roots of the 
Resolvent Cubic may be determined geometrically (three if all the roots 
are real, otherwise one). Setting each of the quadratics (three pairs 
in all), arising from three roots, equal to y, we construct the resulting 
three pairs of parabolas. These parabolas intersect the x-axis, giving 
rise in the abscissas to the roots of the quartie equation^ and in three 
ways (or one), in the following groupings: (xi, xj; Xj, X4), (xi, Xa; Xa, X4), 
(xi, X4; Xa, Xa). 

The second method, by use of the substitution x- = y, transforms the 

261 



252 JoTONAL OF THE MiTCHFLL SoctBTY [Deomher 

quartic into a conic. The foxir roots of the qnartic are then the abscissas 
of the four points of intersection of this conic with the parabola x* » y. 

The third method likewise emplo3rs the conic and the parabola, used 
in the former method. The necessary and sufficient condition, that 
the one-parameter family of conics on the four intersections of conic and 
parabola degenerates into a pair of straight lines, proves to be the famil- 
iar Resolvent Cubic of Ferrarri’s solution (see method one). If this 
cubic have only one real root, this gives rise to one pair of lines, which 
intersect the parabola x* =* y in four points, the abscissas of which are 
the roots of the quartic. If, however, the three roots are all real, the 
parabola may be dispensed with, the intersections of any two pairs 
of lines with each other, but not among themselves, are the four points 
whose abscissas are the roots of the quartic. 

Exceptional cases may be satisfactorily handled. 

(Note: The constructions given above are natural consequences of two 
papers by Archibald Henderson (the second in collaboration with A. 
W. Hobbs) in the American Mathematical Monthly 35: 337-348, 1928, 
and 37 : 516-521, 1930. 

E. C. Mabkham: The DecompoeUton of AmmoniunHleiUeriufn Chloride, 

A letter addressed to the Society by Fred E. Wright, home secretary 
of the National Academy of Sciences, was read, expressing in resolution 
the appreciation of the Academy for the Mitchell Society luncheon 
tendered the members of the Academy at the autumn meeting. 

The Permanent Secretary read an expression of appreciation, on be- 
half of the Society, to Dr. R. E. Coker for his excellent work as chairman 
of the local committee on arrangements for the autumn meeting of the 
National Academy. 

388th Meeting, December 13, 1938 

L. D. Burling: Some ReeuUe Obtained with the Prototype of a New 

Geophysical InetrurnefnJt, 

The first public announcement of the application of the statistical 
method to a new type of radiation. Begun in 1932, the study has in- 
volved the making of well over one hundred thousand observations, in 
laboratory and field, upon radiations which appear to depart from 
known radiations widely enough to warrant their introductory 
description. 

The radiations seem, in general, to be of two kinds: one which scatters 
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in all directionstand diminishes rapidly in intensity with distance, and 
another, very penetrative, which seems to be confined within certain 
directions. Fifteen chemical elements and several mineral compounds 
have been studied. Both t3rpes of radiation were given off in all cases, 
but only the penetrative rays have been subjected to a rigorous qualita- 
tive and quantitative survey. 

The penetrative radiations from the sources studied prove to be 
severally characteristic, distinguishable the one from the other, and the 
instrument used in their analysis can be so adjusted as to effect a radio- 
tuning-like selection from among them. This permits sole entry into 
the instrument, at any one time, of the particular radiations demred. 
In its present form, however, the resolving power of the instrument 
enables the operator easily to make a separation only between elements 
which belong in different columns of the periodic table. That elements 
within the same column are relatively hard to separate, and that certain 
elements and the minerals with which they are usually in intimate 
association exhibit even greater approximation of tuning rate, have been 
the subjects of collateral paragenetic study. 

Linearly, and at the same time vertically, disposed sources have 
proven, both in the laboratory and in the field, that the penetrative 
radiations from each of the elements have a characteristic compass 
direction or azimuth. The respective azimuths vary locally, or with 
the magnetic declination, or for undetermined causes, but they do not 
change their relative position with reference to the meridian. And the 
sequence, counting clockwise from the meridian, arranges the azimuths 
of the elements studied in order of their atomic weight. For mag- 
nesium, lowest in atomic weight of the elements studied, the easterly 
deviation is approximately forty-five degrees. 

In the southwest quadrant, and there counting clockwise from due 
south, occur correlatable azimuthal traces for each of the elements, 
also in order of atomic weight. Here, however, the traces are more 
closely approximated, and the angular diversion of each, from the 
meridian, is less than that of the comparable trace in the northeast 
quadrant. Viewed from above, the entire azimuthal trace, for any one 
vertical linear source, is thus bent at a point directly above or coinciding 
with that source. 

For compounds, the azimuthal trace is apparently a linear resultant; 
if the molecule is firmly knit (oil). It appears to be multiple if the 
molecule is rock-salt-like. 
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Experimentally controlled spherical or point sources have been low- 
ered to depths of 1600 feet, and with the source at suitably disposed levels 
within this range the behavior of the radiations has been studied. Mrst, 
it may be stated that quantity readings through one hundred feet and 
through fifteen hundred feet of solid rock and water vary by so little 
as to suggest that the difference between radiations so penetrative and 
those to which the literature has already introduced us may be one 
involving a new energy level. Second, and perhaps more important, 
is the fact that the radiations from a point source lie within the azimuthal 
plane discovered for a linear source of identical composition, but that 
they are not equally distributed within that plane. They are gathered 
into bundles of radiation which crudely resemble, in diversity of in- 
tensity and spacing, the light and dark banding in a line spectrum. 
And, in the spacing and intensity of these beacon-like bundles, each 
element seems to have its own characteristic pattern. It may be an- 
nounced, also, that the inclination of the individual bundles varies with 
the depth of the source, increasing from three minutes of arc per hun- 
dred feet of rise, below one thousand feet, to thirty-five minutes of arc 
per hundred feet of rise, in the two hundred feet immediately below 
the ground surface. 

Subsurface study of adjacent greatly disproportionate veins of gold 
ore has shown that the radiation from the smaller of the two actually 
extends outward toward the greater, and decreases in intensity in that 
direction. The minimum is much closer to the smaller vein than it 
would be if the larger vein were not so large, but a minimum is there 
And in the shadow of the smaller vein there will be found no radiation 
from the larger vein, even though the smaller is far within the usual 
range of radiations from the large neighbor. 

Further details of the behavior of the radiations themselves, the fact 
that they can be interpreted in terms of both wave and quantum theory, 
and something of the uses to which the radiations have been put in 
geophysical studies of local and regional underground structure and of 
mineral and ore deposits in ten of the States, were included in this first 
report of progress of an investigation which has been characterized 
through the years by ever increasing accuracy, dependability and 
range of application. 

E. K. Plylbr: Infra-red Absorption of Certain lAquids, 

389th Meeting, January 10, 1939 
H, W. Brown : Recent Advances in our Knowledge of Influenza, 
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Official announcement was made of the death on January 4th, 1939, 
of President H. V. Wilson. Vice-President E. A. Cameron occupied 
the chair. 


390th Meeting, February 14, 1939 

G. C. Kyker: Determination of Quinine in Malarial Blood. 

R. J. Wherry: Factorial Analysis of Affective Report and Concomitant 

Physiological Changes. 

Classification of affective behavior has long been a matter of academic 
dispute. An attempt to approach a solution through the use of factor 
analysis was made through the use of Thurstone^s centroid method on 
some data reported by Barmack. Four groups of subjects each work- 
ing under slightly different conditions and each group having 84 readings 
for each variable were available. All groups contained data for length 
of work period, percentage of time spent in daydreaming, and position 
on the continua of interested-bored, pleased-irritated, fatigued-peppy, 
strained-relaxed, inattentive-attentive, and wide awake-sleepy. Two 
of the groups provided data for oxygen consumption, while the remain- 
ing groups had been measured for systolic and diastolic blood pressure 
and heart rate. 

The factorial analysis yielded three factors. The most clearly 
defined factor was best interpreted as a pleasantness-pain continuum 
with high loadings for ratings of peppy, interested, pleased, attentive, 
wide awake, and relaxed. This factor seemed sufficient to explain such 
concepts as boredom, mental fatigue, interest, and attention since these 
factors received negligible loadings on the other factors. 

The second factor was best interpreted in topological terms as a 
looseness-tension factor, the looseness end of the continuum being 
highly associated with daydreaming. 

The third factor seemed to be a purely physiological stfain-relaxation 
factor since it had the most consistent loadings on the physiological 
variables and practically negligible loadings on the verbal report data 
with the exception of partially accounting for the reports of strain- 
relaxation. 

There was high consistency in the loadings from group to group, and 
the loadings on the psychological report variables seemed^to be equally 
reliable to those on the physiological variables. The average of the 
average deviations of the factor loadings was about equal to the quan- 
tity l/y/W, 

Further research along this line was indicated, but little promise 
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WEB held for tite finding of reliable physiological eorrdates which will 
differentiste discrete affective complexes. 

391bt Mbetiho, Mabch 21, 1939 

T. F. Hicxebsoh: Damage Incurred by ihe Hurricane and Flood in 1938 
in New England. Illustrated by lantern. 

392Nn Mbetino, Afril 11, 1939 

B. W. Wblls of State College: The Plant Ecology of the North Carolina 
Coast. Illustrated. 

393bd Mbetino, Mat 9, 1939 

O. K. Rice: Thermal Gaseous Explosions. 

J. B. Fisk: A Problem in the Artificial Transmutation of Elements. 

The following officers were elected for the year 1939-1940: 

President — English Bagby. 

Vice-President — ^E. L. Mackie. 

Recording Secretary-Treasurer — i. E. Adams. 

The permanent secretary, E. T. Browne, and the editors of the 
Journal, W. C. Coker, Otto Stuhlman, and C. D. Beers, were continued 
in office. 

A resolutions committee consisting of R. E. Coker, Chairman, 
Archibald Henderson, and Wm. deB. MacNider, presented the follow- 
ing resolution which was unanimously adopted by the society. 

HBNBT VAN PETERS WILSON 

The EHisha Mitchell Scientific Society makes this record of its great 
loss in the passing of its recent President, Henry Van Peters Wilson, on 
the fourth day of January of this year. Joining the Mitchell Society 
in its infancy. Dr. Wilson has for nearly half a century played a part 
second to none in its development as an organization of colleagues, 
friends and contributors to the advancement of science through re- 
search. His connection with the Society began soon after his arrival 
in Chapel Hill as Professor of Biology in 1891 . At first as a collaborator 
with a small group of investigators, several of whom were charter mem- 
bers of the Society, and ever aftar as a teammate with succesdve 
generations of members, he has for 47 years been unremittingly devoted 
to its interests and strongly confident in the usefulness and capacity of 
the Society as a means of scientific expression and of stimulation to 



19S9\ The Elisha Mitchell Scientific Society 257 

better and more effective research. He was President of the Society in 
1905-06 and was elected Preradent again for the year 1938-39, wHch 
included the last months of his life. He served as a member of the 
Publications Committee from 1929-1937. 

It was not, however, in any official capacity that Dr. Wilaom rendered 
bis greatest service to the Mitchell Society. It was rather as an excep- 
tionally regular attendant, as an ori^nal contributor of papers that were 
models both for scientific significance and for technique of presentation, 
as a sympathetic and stimulating commentator upon the papers of 
others, as a general leader of discussion and as a personal exemplar of the 
spirit of research. It was in such capacities that he gave life and 
strength to our meetings. 

We knew him also as a member of our University community con- 
tinually and staunchly upholding the highest standards of industry and 
thoroughness, of accuracy and intellectual integrity; we esteemed him 
as a friend and companion, ready with sympathy, encouragement, and 
counsel of the best sort, and as one who combined a rare degree of 
clarity of thought with strength of conviction and incisivenesB of 
expression. We enjoyed association with him as a conversationalist 
with catholicity of taste and capacity for illuminating comment on a 
diversity of topics o{ scientific or ^neral interest. We admired him 
as a scientific leader who combined high distinction in achievement 
with simplicity of manner and modesty of bearing. 

The Elisha Mitchell Scientific Society spreads this record upon its 
Minutes, directs that it be published in the Journal of the Society and 
orders that copies be sent to the members of his family in token of our 
appreciation of the leadership we have lost and of our deep sympathy 
for those who were nearest to him. 



MATHEMATICS AND THE SCIENCES* 

By J. W. Lasley, Jr. 

INTRODUCTION 

At the outset I wish to express my very sincere appreciation for the 
evidence of trust on your part which makes this occasion possible for 
me. It is quite a surprise when a group of scientists so honor a teacher 
of mathematics, for it is a moot question as to whether mathematics 
is a science. It is more than a surprise when that teacher is your 
speaker, whose association with science has been more that of a worship- 
per from afar than he likes to have to admit. 

The duties of this office resolve themselves in large part to the retiring 
address which brings us here tonight. Upon asking myself what I 
might say to you that might in part compensate you for coming here, 
I thought it pertinent to consider with you the relation between mathe- 
matics and the sciences. With this purpose in mind I asked a philoso- 
pher colleague what he considered that relation to be. His reply was 
quick and pointed. ^There is no relation^’, he said, “science thinks a 
thing in terms of other things; mathematics thinks a thing in terms of 
itself.” His inference was that the two are mutually exclusive. This 
was very discouraging. 

The history of science, however, does not seem to bear out the philoso- 
pher's contention. Until the time of Galileo (1600) that history is 
practically a history of mathematics. Although we have some knowl- 
edge of perhaps 6000 years of mankind's intellectual activity, we search 
in vain for any trace of science before 2500 years ago. True wo have 
the pyramids, some 6000 years old, and their structure indicates the 
employment of scientific ideas. We have, too, the Rhind papyrus, 
3500 years extant, and within its pages a kind of mathematical science. 
But the first scientist to emerge from the mists of antiquity was Thales, 
the mathematician of 2500 years ago. Almost contemporary with him 
is Pythagoras, a strange mixture of scientist and pseudo-scientist. Two 
centuries later came Democritus with the beginnings of an atomic theory 

• Retiring address of the president of the North Carolina Academy of Science, 
Wake Forest, N. C., May 6th, 1939. 
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which even the opposition of an Aristotle could not down. Another 
century brings us to Euclid, but we must wait yet another century until, 
around 200 B.C., appeared that resplendent figure of old, Archimedes, 
bringing with him the law of buoyancy, the principle of the lever, the 
discovery of light reflection and the cry of ‘‘Eureka^', which Whitehead 
says should be celebrated as the awakening cry of mathematical physics. 

In the 17 centuries from that day to the time of Copernicus (1600) 
physics was to remain at practically a standstill. In another century 
these latent stirrings of the scientific spirit were brought to light for the 
first time in the father of modern science, Galileo Galilei, whom we 
know so well that we invariably call him by his first name. Important 
it is that he should be the first to formulate inertia, to discover the law 
of falling bodies, to invent the pendulum and the telescope, to discover 
the four satellites of Mercury and the sun-spots. More important still, 
says Millikan, that he should see “that force is proportional not to 
motion, but to the rate of change of motion, an idea the most profound 
in human thought.^’ I dwell on Galileo because he is generally re- 
garded as the originator of the modern viewpoint in science He, asserts 
Einstein, “saw that all knowledge of reality starts from experience and 
ends in it.'' Thus, as Whitehead so aptly puts it, “the world waited 
1800 years from Archimedes to Galileo for someone who could relate 
abstract mathematical ideas to experimental investigation of natural 
phenomena." 

Modern scientific inquiry as such seems to have begun with Roger 
Bacon in the 13th century. Leonardo da Vinci was indeed a voice 
cr 3 dng in the scientific wilderness of the 15th century. Tycho Brahe's 
tables of 1601 were a first step in scientific observation. By means of 
them one could tell the position of the planets. It took a Kepler (1610) 
to see in them the three fundamental laws of planetary motion. Kepler 
could then tell us where the planets would be. In three inches he 
condensed the voluminous tables of Brahe, a tremendous scientific 
advance. 

And then came Newton. Whitehead says that science came of age 
that day with Newton in his garden Einstein regards Newton's laws 
of motion as expressed in differential equations as the “greatest advance 
in thought that a single individual has even been privileged to make." 
He says further that Newton was the first creator of a comprehensive, 
workable system of theoretical physics. This one man, be continues, 
“gave intellectual guidance to science for 200 years." Perhaps no man, 
then or since, has known Newton's scientific view-point as has his 
modem prototype, Albert Einstem, who has done more than any man to 
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sui^ement his work. He says of Newton, ''He believed that the basic 
laws and concepts of his system could be derived from experience. 
This is the meaning of ^hypotheses nonfingo*, Newton was imcoi^ortable 
about absolute space, absolute rest and action at a distance, since he 
found no basis for them in experience. The successes of his theories 
prevented discovery of the fictitious character of his foundations.’’ 

Daniel Bemouli ^700) following shortly after Newton has been called 
the founder of mathematical physics. 

From this era dates the origin of organic chemistry. Lavoisier (1743- 
1794) transmuted alchemy into a rational science. Perhaps, as his 
judges said when he faced the guillotine, the republic had "no need of 
savants”. Certain it is that chemistry had great need of Lavoisier. 

Mathematics through the calculus as we know it today was shaped 
largely by the hand of Euler (1707). 

Sedgwick and Tyler state in their history of science that at the begin- 
ning of the 19th century general physics and chemistry were "still in 
the preliminary stage of collecting and coordinating data, with attempts 
at quantitative interpretation, while in their train the natural sciences 
were following somewhat haltingly”. Geike adds that at this time 
"geology and biology were not yet inductive sciences”. 

But the stirrings of science in the 18th century projected themselves 
into the 19th. Dalton (1803) with his law of multiple proportions for 
the formation of compounds supplied the first scientific approach to the 
atomic theory. 

Lyell with his publication of his "Principles” in 1830 raised geology 
to the dignity of a science. 

Biology was admitted to the union of sciences in the Victorian age 
through the efforts of Darwin, Spencer, Huxley, Wallace, and others. 

By 1860 the older universities had founded scientific schools. Acad- 
emies of science began to be formed. The public by the opening of the 
20th century was science-minded. A new era was about to dawn. 

This new era took the form of a new conception as to the structure of 
matter. There were significant undercurrents in the world of physics. 
Sir Humphrey Davy made what he called his greatest discovery, Michael 
Faraday. Faraday (1791-1867) dissevered the principle of magneto- 
electricity, and originated the electro-magnetic field theory. The world 
was little aware of these tremendous happenings. Even at a time when 
the Atlantic cable w^ in operation Gladstone could (and did) ask Fara- 
dity Ediether electricity haiT a use. And Faraday replied, "Why, Sir, 
there is every probability that you will soon be able to tax it.” 
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In 1850 Manrell placed a mathematical support under Faraday’s 
theories, to be followed by the experimental verification of Hertz. 

Joule (1818-1889) found a mechanical equivalent for heat, namely, 
energy, giving the world the first law of thermodynamics. 

Plank gave a description of radiation as incapable of emisrion in 
aught but units, the quanta. In this quantum theory fractions of a 
unit of energy simply do not exist. 

De Broglie and Schrodinger combined the energy theory of Einstein 
with the quantum theory of Plank and compelled the joint wave- 
particle view of the atom. (Since then the physicist has been accused 
of teaching the wave theory on Monday, Wednesday, and Friday, and 
the particle theory on Tuesday, Thursday, and Saturday.) 

Heisenberg proclaimed the doctrine that nature abhors not a vacuum 
so much as it does accuracy and precision. 

Dirac extended the uncertainty principle of Heisenberg to the entire 
realm of atomic physics. 

Pauli furnished us with his exclusion principle. 

Millikan and Cameron gave us cosmic radiation. 

Minkowski offered his space-time world. 

Einstem supplemented the Newtonian mechanics, proclaimed the 
invariance of natural laws in inertial systems, the constancy of the 
velocity of light, the abandonment of simultaneity, the identity of mass 
and energy, claimed absolute motion incapable of detection, related 
time and motion, connected space and matter. Gravitation, that most 
elusive of concepts, appeared as the curvature, or crumpling, of a space- 
time continuum. But the electro-magnetic fields were not expressed 
in the field equations of general relativity. Later came a field theory 
in which gravitation and electromagnetic radiation were welded to- 
gether. Only the expression of the atomic structure in terms of the 
field theory was, and still is, missing. 

Here we are, and what a long way we have come. Let us examine 
some of the high and low places along the path. Let us see again 
something of the view from a few of the peaks and depression of the way. 
Let us inquire of Mathematics, the guide in this loi^ and fascinating 
journey. 


CONTINtUTY 

Perhaps we never realize its subtlety until we really try to find out 
the meaning of continuity. The writer of radio script uses the term to 
refer to his product. We have heard his programs. Can such an idea 
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be hedged about with difficulty? As is so often the case, an under- 
standing of the concept implies an understanding of its opposite. 
The opposite of the continuous is the discrete. 

Long ago there lived an excellent gentleman named Zeno. It was 
back in the time of the Pythagoreans, 500 years before Christ. This 
Zeno saw the conflict between these opposites, and used what he saw 
to deny the possibility of motion, to discourage placing bets on Achilles 
in his historic race with the tortoise, and for other strange and bewilder- 
ing purposes. Even today one doesn't just rush in to show where Zeno 
was wrong. In his antinomies are found the baffling ideas of the infinite, 
the deceiving implications of continual divisibility. Down the years 
we trace these difficulties like a colored skein in the pattern of scientific 
thought. They face the scientist in his effort to understand the consti- 
tution of matter. Is this paper from which I read smooth and un- 
broken, or is it made of discrete particles bounding about hither and 
yon — a veritable bee-hive? The physicist leans to the latter view. 
(This opinion may help explain the nature of what is being read from 
these pages.) What, then, about action at a distance? How are 
light, radiation, energy, gravitation conveyed from here to there? 
What? No ether? Can we have ether without continuity? If the 
ether is a jelly-like mass, is it not composed of particles? If it is com- 
posed of particles, will not the quantum behavior of matter nullify the 
continuity of the action? If we have a continuous exciting cause, is it 
not strange that energy should emerge in units (quanta), or not at all? 
Are there no fractions? The physicist say, ‘‘No, no fractions." De 
Vries claimed that evolution proceeds by “explosions." But Darwin, 
Newton, Kant, Leibniz all bcHeved in continuity. Plank's quantum 
theory replaces a continuum of states in an isolated system by a finite 
number of discrete states. 

The mathematician has been through — I should say, is in this same 
turmoil. He has never fully recovered from the Pythagorean shock of 
the irrational. For a time it was thought that Weierstrass, Dedekind, 
and Cantor had laid the spectre, but the contrary views of Knonecker, 
Brouwer, and Weyl have to be taken into account. The attack of 
Bishop Berkeley on the calculus of Leibniz and Newton, the feeling 
that this calculus is making “bricks without straw," must at least have 
a hearing. The critics of continuity claim that nothing which can not 
actually be constoicted by^ finite number of steps can hope to lead to 
a discipline free of paradox. They maintain that all analysis must 
eventually subject itself to the domination of the positive integer. 
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Among the non-mathematical scienticists who share this view Karl 
Pearson states the position thus, ‘^no scientist has the right to use things 
unless their existence can be demonstrated.” 

Some may meet these difficulties by what has been called ^*a continu- 
ous but discreet silence.” 

Certain it is that a Thomas Wolfe may write “01 Time and the River” 
with a much more glib assurance than may an Einstein. 

Simple things these— in Time such a perfect continuity; in number 
such discreteness (I came near saying “discretion”), and in the shadows 
an infinity trying to bridge the gap. 

causation 

Jeans maintains that the “steady onward flow of time is the essence 
of the cause and effect relation ” It is but natural, then, that when 
continuity is in question, causation should take its place under the 
microscope of scientific scrutiny. There is more at issue than the mere 
post hoc ergo propter hoc argument. We are so used to drawing infer- 
ences from data, that it is hard to realize on what flimsy grounds many 
of our conclusions rest It is hard, too, to see how we may do intel- 
lectual business at all without the ability to infer effect from cause. 
The great 17th century of Galileo and Newton encouraged the scientist 
to think of causation as something on which he could definitely rely. 
Modern physics takes the position, so ably formulated by Pearson, that 
causation is intelligible only in the perceptual sphere as “antecedence 
in a routine of sense impressions.” With the precision of measurement 
in studying natural phenomena came the realization of the statistical 
character of those measurements. Into the relations connecting the 
numbers arising in this way began to enter questions of doubt. The 
descriptions of the phenomena exhibited by the relations were seen to 
be more exact than the uncertainty of the data warranted. It began 
to appear that the descriptions described little more than what Weyl 
has called “statistical regularities.” Pearson has put it thus bluntly, 
“In the order of perceptions no inherent necessity can be demontrated 
. . . necessity has a meaning in the field of logic, but not in the universe 
of perception . . . causation is neither a logical necessity, nor an actual 
experience.” 

This position seems at first glance to be at variance with the “if this, 
then that” of mathematical disciplines. The causation which inheres 
in logic, whose presence we so naively hope for in our scientific thinking, 
seems actually to emerge in the tenets of the mathematician. How, 



264 


JOCBNAL OF THE MiTCHBLL SOCIBTT 


[December 


tben, may the scientist fit data patently statistical in character into 
mathematical form, clearly non-etaiistical in character. If, as Pearson 
claims, "contingency and correlation replace causation in science," 
how does the mathematical equation tell us a true story of natural 
phenomena? Pearson answers this in part by saying, “contingency is 
expressed in a table with cell-dots forming a band. This band viewed 
through an inverted telescope gives a curve. This curve is the mathe- 
matical function." 

In the language of the mathematician, the scientific relation ap- 
proaches the mathematical formulation asymptotically. Perhaps a 
more nearly correct statement is that both the scientific data and the 
mathematical description near each other in a process of successive ap- 
proxunation which would warm the heart of a Poincare. 

Although many scientists feel, with Jeans, that the advent of Plank’s 
quantum mechanics has dethroned continuity and causation, they in 
large measure share his belief that the appeal to a purely statistical 
basis may be a cloak for ignorance and that cause and effect of an un- 
known character may actually be in operation. 

DBTBRUINISH 

One would expect that questions about cause and effect should have 
philosophical implications. There arise the old questions of determin- 
ism and freedom. Determinism, according to Dantzig, "consists of 
the assumption that, given any natural phenomenon, the various fea- 
tures that characterize it are completely determined by its antecedents. 
The present knowledge permits prediction of the future course.” “Each 
extension of the law of causation,” says Jeans, "makes belief in freedom 
more difficult.” Pearson claims that "our belief in determinism is the 
result of supposing mtneness instead of likeneas in phenomena. Edd- 
ington asserts that "physics is no longer pledged to a scheme of deter- 
ministic law.” When asked why one magnet repels another, Whitney 
replied, “By the will of God,” and added “science can enslave us, or it 
can make us free, but it we who make the choice.” Others hold the 
view that our bodies and our minds are as physical as inert matter, made 
of the same chemical elements to be found in the remote stars, subject 
to the same inevitable laws; that the same determinism which holds 
for them holds also fm* us. Compton, speaking at the University last 
November, refuted the claim that man’s actions depend on physical 
law. But he clumed it a vital question for science to find out whether 
man’s actions are determined; and if so, by what factors. He main- 



1689 ] Mathematics and the Sciences 265 

tamed that it is no longer justifiable to use physical law as evidence 
against freedom. 

Into this confused picture comes mathematics with its law of aver- 
ages and its probability theory. Almost within the last decade the 
uncertainties of the situation have been amplified by Heisenberg into 
an Uncertainty Principle, which says, ‘To any mechanical quantity 
Q there corresponds another quantity P in such a way that the product 
of the uncertainties in our knowledge of Q and of P can never be less 
than a certain constant h, Plank’s constant; hence the more accurately 
we determine Q, the more ignorant we are of P.” In the Newtonian 
mechanics a knowledge of the position and of the velocity of an electron 
at an instant determines the future position of that electron, but Heisen- 
berg assures us that we can never know both. The more accurately we 
determine the position, the less accurately we know the velocity; and 
vice versa. This concept of uncertainty seems to put the coup de grace 
on determinism. But who shall say that the very law of averages which 
replaces determinism may not itself be as great a despot as the dictator 
which it displaces? May there not be still a new determinism domi- 
nated by probability, just as there may be a new causation whose source 
is unknown to us? Or shall we, with Compton, and others, align our- 
selves with freedom because, as he says, “I find reason to believe in 
freedom, and wish to find whether such freedom is consistent with the 
recognized laws of physics.” It would be a fine irony, indeed, if science, 
the greatest liberator of men’s minds, denied to itself that freedom which 
it has so unstintingly given to mankind. 

LAW 

This outlook brings us to consider our ideas of law anew. When we 
say law, what do we mean? Do we think of brass buttons and a uni- 
form? Do we think of statutes to which as citizens we owe. obedience? 
Do we think of natural law, such as Newton’s universal law of gravita- 
tion, or of mathematical law, such as Gauss’ law of quadratic reciprocity, 
or of the philosopher’s definition : “Law is Unity in structure difference”? 

Weyl tells us that the mathematical lawfulness of nature “is a revela- 
tion of Divine reason.” “The world,” he says, “is not a chaos, but a 
cosmos harmoniously ordered by inviolable mathematical laws.” We 
speak of Boyle’s law for a perfect gas, of Kepler’s three laws of plan- 
etary motion, of Dalton’s law of multiple proportions and many, many 
other laws. The scientist maintains that his chief conco^ is the dis- 
covery of nature’s laws. Just what does he mean by that? Is civil 



266 Journal of the Mitchell Society [December 

law one thing; and natural law another? Does law mean one thing to 
some of us, and quite another thing to others of us? Or, is there a 
philosophic pattern behind all law? 

In trjdng to understand the world we live in we observe and we ex- 
periment. We assume the validity of sense perception. We assume 
that normal human beings observe and experiment in much the same 
way. If we have ever listened to witnesses testify in court, we know 
just how much of an assumption that is. And furthermore, what, 
pray, is a normal human being? Many of us feel that all the knowledge 
that we obtain of natural phenomena comes through the senses, despite 
Pearson's continued insistence that in thinking we deal not only with 
sense impressions but with stored up opinions of former sense impres- 
sions. We measure with all the uncertainties attendant thereto; we 
think, or try to, amid all the doubts above mentioned as to continuity 
and causation and determinism weighing upon us. How in this at- 
mosphere can we get at law? 

The mathematician stands serene in this confusion. To him law is 
simply the matter of an invariant under a set of transformations. This 
invariant incorporates the unity, if any, present in the differences of 
structure in the situation in question. This unity answers the question 
as to how we may see the permanent in the transitory. The scope of 
it tells us how we may see the general in what is particular. 

In civil law we have to make the .statute. Whether we like it or 
not, that statute may be broken. Still in the changing pattern of civil 
law the statute formulates what unity is possible in the diversity of 
action which it seeks to control. In natural law these differences in 
action take the form of th(* great dissimilarities in observed phenomena. 
The unity is the common part, if such there be. The natural law ex- 
presses this unity amid the action differences. Its form is never final 
until it partakes of the form of the mathematical invariant. 

POSTULATION 

Reflections on the nature of law bring forcibly to our minds the postu- 
lational character of our thinking. We do well to examine the meaning 
of our most fundamental concepts as well as the lines of argument lead- 
ing to our most important conclusions. Every science has its unde- 
fined terms. Aught else is an infinite regression. When analysis fails, 
we rely on the properties qf our concept to define it for us. In setting 
up the discipline for a science, some of the propositions must be ac- 
cepted without proof for similar reasons. The criterion for choice is 
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simplicity. This is not as simple as the name indicates. By simplicity, 
as used here, is meant logical simplicity. As Einstein so aptly words it, 
'‘By ‘simplest’ we mean that system which contains fewest possible 
mutually independent postulates, or axioms.” This attitude of modern 
science is far removed from Newton’s hypotheses non Jingo. It is an 
attitude undoubtedly provided by the mathematician Lmstein con- 
tinues, "nature is the realization of the simplest conceivable mathe- 
matical ideas. I am convinced that we can discover by means of purely 
mathematical constructions, the concepts and the laws connecting them 
with each other, which furnish the key to the understanding of natural 
phenomena. Experience may suggest the appropriate mathematical 
concepts, but they most certainly cannot be deduced from it. Expe- 
rience remains, of course, the sole criterion of the physical utility of a 
mathematical construction. But the creative principle resides in 
mathematics.” 

Such a postulational approach to mathematical tliinking was seen by 
Euclid in so far as our inability to define satisfactorily all our terms. 
The fact that even a mathematician cannot prove everything was not 
formulated until Pasch almost in our own time. Now the necessity of 
a postulational approach to both definitions and theorems is a uni- 
versally accepted tenet of the mathematician. 

SYMBOLISM 

Whether we agree to this postulational so-called simplicity, we can 
have no doubt of the existence and efficacy of symbolism in both 
mathematics and the sciences. The desire of constructibility, so ably 
championed by Knonecker, has found its way into our search for an 
understanding of the nature of matter. We hear Lord Kelvin exclaim 
that he "can understand nothing of which he cannot make a mechanical 
model.” To meet this desire we have the dynamic Rutherford-Bohr 
model of the atom and the static Lewis-Langmuir model. But we arc 
told these an* too simple and definite to be regarded as other than in- 
tellectual conveniences. The ether is symbolized for us as a jelly-like 
mass with remarkable properties. We are warned, however, that the 
universe is not completely picturable in a graphical sense. Radiation 
and gravitation elude such a mechanical description. We speak of 
particles and waves as describing the behavior of light and radiation, 
but we are reminded that the electron is only a symbol for convenience 
of speech. Eddington tells us that matter and all else in the physical 
world has been reduced to a "shadowy symbolism.” When we ask what 
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do the symbols stand for, the reply is that it doesn't matter. (One is 
reminded of tiie story that is told of Professor Lefevre, of the University 
of Virpnia. He is said to have greeted his philosophy class one fine 
morning with the startling pronouncement, “What is mind? No 
matter. What is matter? Never mind.”) “Physics,” continues 
Eddington, “has no means of probing beneath the symbolism. Nor 
does one have to understand the symbols. What we have to under- 
stand are the conditions to which the s3rmbols are subjected.” The 
symbols themselves are dummies. Any other would do as well. 

The mathematician is thoroughly in accord with this use of symbolism. 
He has likened his subject to a game of chess. The rules of the game 
play the rdle of postulates. In such a game Bell tells us there is no 
question of “truth”; there is merely a question as to whether the rules 
have been complied with. To Hilbert mathematics is “a game played 
according to certain simple rules with meaningless marks on paper.” 

PBEDIC!TION 

We have heard of old that a prophet is not without honor. For the 
man in the street the ability of science to predict the future holds a 
particular fascination. Ho is thrilled by the story of an Adams and a 
Leverrier working apart each computing from the perturbing influences 
of an unknown source on Uranus, the position of a new planet, Neptune, 
just 52 minutes from where Galle later foimd it. He reads of the electro- 
magnetic waves predicted by Faraday and Maxwell and verified by 
Hertz. He has heard of the more recent prediction by Einstein of the 
shift toward the red end of the spectrum, caused by the deflection of light 
in a gravitational field, verified in the solar eclipse of 1919. These and 
many others, such as Mendelejeff's prophecy as to the discovery of 
gallium, scandium and germanium, such as Hamilton’s prediction of 
conical refraction, have cast science in the rdle of one of the major 
prophets. Even Pearson concedes science the ability to predict, as 
well as to describe. 

Mathematics provides in its differential laws a pattern for these pre- 
dictions. “A differential law,” say Einstein, “tells us how the state of 
motion of a system gives rise to that which follows it in time.” “If 
we know how the velocities and accelerations depends on position, we 
can trace out the past and future of our universe,” says Pearson. This 
is done by means of differential equations with proper boundary value 
conditions. The chemist Hoes it when he predicts the position of the 
eleotnm ijt its orbit. The astronomer does it when he predicts the 



19 $ 9 ] Mathematics and the Sciences 269 

portion of the pknet in its orbit around tiie sun. Despite Heisen- 
berg’s uncertainty as to our ability to measure both position and vdoc- 
ity, the schedules of the planets are much better known than are those 
of the crack Chicago to New York trains. 

INVENTION 

Science is known to many only for its inventions. Much of its 
popularity with the masses is due to the added comforts and enjoyments 
with which it supplies them. Their eye is open for the so-called practi- 
cal things of science. The auto, the radio, and the thousands of gadgets 
which give us our arm chair civilization, endear science to the heart of 
the multitude. 

But this has not been the path of scientific progress. These things 
have usually been but by-products. Hertz little thought when he 
verified Maxwell’s electromagnetic waves that he was laying the founda- 
tion for radio. Perhaps as often the practical leads back into the funda- 
mental principles, as do the principles lead to invention. Again, when 
the scientist thinks himself most theoretical, he may be near a very 
useful practicality. “Indeed,” says Richards, “the developments of 
the wave mechanics now in progress may be fraught with graver practi- 
cal consequences for humanity than the approaching commercialism of 
television or rapid trans-oceanic passenger flying.” 

It is an old story to the mathematician, whom the cry of “practicality” 
fails to arouse. Archimedes, tracing his conics in the sand when Mar- 
cellus’ soldiers snuffed out his genius, had no thought of a Kepler using 
them to describe the paths of the planets. Argand, Gauss, Weasel in 
their abstract imaginings about the complex number little fancied that 
they would later in the hands of Maxwell place a firm footing under 
modem electrical theories. Riemann, Cayley, and Sylvester had no 
thought that they were preparing the way for Einstein. Sturm and 
Liouville had no concern for the wave mechanics of De Broglie, which 
their researches made possible. The meditations of Cayley appear in 
the modem theories of Heisenberg and Dirac. Fermat, Gauss, De- 
Moivre, Pascal could not possibly have foreseen that their probability 
theory would one day revolutionize physics. Indeed, the theory of 
today is so often the practice of tomorrow. If it were not, it would be 
no great matter. But, as Philip has said, “it is only against the back- 
groimd provided by the pure research of yesterday that the technical 
problems of today can be viewed in their proper setting and tackled 
with a reasonable prospect of success. Work in the pure sdoices. 
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however remote from the practical issues of the moment, is building up a 
reserve of knowledge and technique for future workers to draw on/' 

COSMOGONY 

One of the reaons why one studies mathematics and the sciences is 
this: To obtain a better understanding of the world in which he finds 
himself. As the sciences and mathematics have developed, so have 
developed our views of the cosmos. To primitive man who thought of 
himself at the center of the universe, to men who with Ptolemy regarded 
the earth as the centre, to men who with Copernicus placed the sun in 
this strategic position, the cosmos presented a very different view. This 
view colored many aspects of their thinking. It led to the formulation 
of a very different philosophy of life. So much so that someone has 
said “tell me a man's view of the Universe, and I will tell you what sort 
of man he is." There have been religious upheavals attendant upon 
man's change in his views of the world about him. In our own day his 
view is suffering what is perhaps its greatest change. Not only has the 
sun been displaced from its central position, but in its place nothing has 
been substituted. We are told that there is no known center; no refer- 
ence frame in which to orient a path in the cosmos. We have mysteri- 
ous cosmic rays beating down upon us from an unknown source with un- 
known effects. Out in an unknown place somewhere, Millikan suspects, 
cosmic radiation may be rebuilding matter— an inverse phenomenon 
never dreamed of until our time. These are tremendous disturbances 
in man's view of the cosmos. That there have been no attendant 
religious disturbances is a conspicious testimonial to intellectual freedom. 
The lay world is becoming accustomed to rc^gard almost as commonplace^ 
views which former generations held to be impossible, in some instances 
unintelligible. That the world can achieve this transition compla- 
cently is due in large part to the tough intellectual fiber provided by 
mathematics and the sciences. 

SOCIAL IMPLICATION 

Einstein asserts that “concern for man himself and his fate must al- 
ways form the chief interest of all technical endeavors ... in order that 
the creations of our minds shall be a blessing and not a curse to man- 
kind." That scientific findings have the potentiality of becoming the 
latter is the thought of many at this time when modem warfare threatens 
the very existence of civilization. May not our very scientific endeavors 
prove a Frankenstein? It has even been suggested that science take a 



19S9] Mathematics and the Sciences 271 

holiday in order to let the rest of the world, particularly the world of 
good-will, catch up. But, as Hill has pointed out, the scientist is after 
all a human being. Can he know which of his discoveries will be put to 
harmful ends? Mankind must learn to take the good and the bad to- 
gether. ^*It is ironical,” says Gregory, '^that greater productivity 
through invention should bring more distress and unemployment rather 
than an increase in human welfare.” Social progress has not kept pace 
with scientific progress. Russell takes the position that if mankind were 
rational, his conquest of nature would increase his happiness and well- 
being. “Only kindness,” he says, “can save the world, but even if we 
knew how to produce kindliness, we should not do so unless we were 
kindly.” 

This dilemma, many believe, is caused by our failure to apply to social 
and economic problems the same intelligent analysis that has been ap- 
plied to scientific problems. They assert that scientific thinking is 
definitely on a plane above thinking in other fields — and that this ex- 
plains the fact that scienc(i has outdistanced non-science. The ideal of 
thinking is presented in the perfectly welded chains of mathematical 
proofs. The sciences approximate this norm more closely than do the 
nonsciences. Social, as well as scientific progress, comes with the 
finding of truth. The pattern for the sc^arch for truth is mathematical 
thinking. 


FAITH 

One rarely thinks of faith as an element essential to the scientist. 
The scientist is by definition one w^ho knows. What need then can he 
have of faith? Mark Twain says that, “Faith is believing what you 
know ainT so.” Somewhere Hilaire Belloc exclaims, “Oh, one should 
never, never doubt what no one can be sure about.” Does this levity 
contain some truth? Does not the worker with facts need faith as a 
sort of whistle to keep up his courage? If he is never really sure, does 
he not need faith to bolster up this insecurity? Or is it that a calm, 
pervading faith is one of the necessary tools in the kit of the scientist? 

That the latter is the attitude with which the scientist should ap- 
proach his task we are assured in the retiring address of President 
George D. BirkhofF, of the American Association for the Advancement 
of Science, delivered this past year at the Christmas meetiixg in Rich- 
mond. There one of Americans foremost mathematicians spoke to 
Americans scientists of the faith that is his. It is fitting that we here 
try to catch an overtone of that meeting. 
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Mr. claimed tibat whether it is the mathem&tioiaa deiding 

with number, or the physicist with matter, the biologist with organism, 
the p(qrcholo9st witi^ mind, or the sociologist with sodal values, there 
is behind one mid all an inherent faith guiding the reasoned superstruc- 
ture which they create upon intuitional concepts. Whether it is the 
nuMhematician’s belief in the existence of infinite classes, the physicist's 
belief in the presence of a discontinuous process at work in the theory 
of radiation, the biologist’s belief in a vitalistic theory of life, the psy- 
cholt^t’s belief in a physiological accompanyment to every psychical 
fact, or the sociologist’s belief in societal progress, Birkhoff emphasizes 
faith as an "heuristically valuable, more general point of view, beyond 
reason, often in apparent contradiction, which the thinker regards as of 
supreme importance as he endeavors to give his conclusions the greatest 
possible scope.” 

Some think that there is an opprobrium attached to any belief, that 
belief and science are mutally exclusive. Do these same people believe 
in the processes of logic? Do they have faith in the rationality of the 
human mind, in the similarity of the perceptive and reasoning faculties 
of normal, civilized beings? Is it not in their code that nature is orderly, 
and that there are spiritual values underlying material facts? 

CONCLUSION 

In the foregoing we have traced in broad outline the advance in scien- 
tific thought from the earliest time down to the present. We have 
pictured the sdentist journeying down this path with his guide, the 
mathematician. We have noted some of the scenes from certain pla- 
teaus and valleys in the path. Continuity, causation, determinism, 
law, the postulational method, symbolism, prediction, invention, cos- 
mology, social implication, faith, have passed in review. We have 
endeavored to point out how the guiding hand of the mathematician 
has aided the traveler along the way. The physical aspects of science, 
particularly those relative to the structure of matter, have been stressed 
because they are better known and because of the major importance of 
matter as “the building blocks” of the universe. There has been no 
disposition to indulge in propaganda for mathematics. Mathematics 
needs no “sales talk” to the scientist. It has been rather an effort to 
understand its function in the domain of scientific thinking. This 
relation seems to be much like that of the guide to the mountain climber. 
Hardly could a guide be b^ter fitted for his task. Bound to the traveler 
by a philosopMcal bond they rise or fall together. The asastanoe is by 
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no means all on, one side. Many are the instances in which the prob- 
lems of the scientist have enriched the theories of the mathematician. 
Many are the instances in which the theories of the mathematician have 
aided in the solution of the problems of the scientist. The equations of 
the mathematician are regarded by many as the only language which 
nature speaks. Helmholtz expressed this thought in the words, '^the 
final aim of all natural science is to resolve itself into mathematics. '' 
Jeans has this in mind in his statement, “all the pictures which science 
draws of nature, and which alone seem capable of according with obser- 
vational fact, are mathematical pictures . . . the Universe seems to have 
been designed by a pure mathematician. “ Even Galileo back in the 
beginning of what we are pleased to call modem science said, “Nature’s 
great book is written in mathematical language.” Whitehead main- 
tains that the aim of scientific thought is, “to see what is general in 
what is particular and what is permanent in what is transitory.” In 
this vision science utilizes the general abstraction of mathematics and 
adopts its theory of invariants. The concept of progressive change is 
basic in the study of natural phenomena. This same idea is the mud-sill 
of the calculus. “With the calculus as a key,” continues Whitehead, 
“mathematics can be successfully applied to the explanation of the 
course of nature.” When classical physics suffered the impact of the 
Michelson-Morley experiment it was forced by its own findings to re- 
examine its foundations. “In this emergency,” to quote Dantzig, 
“it was entirely due to the flexible mental apparatus with which the 
mathematician supplied them, that the physical sciences have at all 
survived this drastic revision.” Richards asserts that “when we reach 
the core of physical reality, the truth is presented in mathematical 
equations.” Weyl claims in the long ago the Pythagoreans held that 
the world was not “a chaos, but a cosmos harmoniously ordered by in- 
variable mathematical laws.” Jeans expresses it in the words, “nature 
seems to know the rules of mathematics as the mathematicians have 
formulated them in their studies without drawing on experience of the 
outer world.” 

We come now to the end of tonight’s account of this amazing journey 
of the scientist. In saying farewell to our scientific traveler we hear 
that insistent injunction from the mouth of his guide, so aptly put by 
Dantzig, “read your instruments and obey mathematics; for this is the 
whole duty of the scientist.” 

Dspartmbkt of Mathematics, 

Uniybbsitt of North Carolina, 

Chapbl Hill, N. C. 



STUDIES ON THE TURBELLARIAN FAUNA OF THE 
MOUNTAIN LAKE BIOLOGICAL STATION. 

I. ECOLOGY AND DISTRIBUTION 

By Frederick F. Ferguson, M. A. Stirewalt, T. D. Brown, and 

W. J. Hayes, Jr. 

With 12 Text-Figures and One Chart 

During the latter part of the 1938 summer session of the Mountain 
Lake Biological Station, extensive collections were made in the streams, 
ponds, and springs of the region in order to list the Turbellaria. 

Our object is not only to list for the convenience of future workers 
the turbellarian fauna thus far found in the Mountain Lake region, 
either by ourselves or others, but also to add our bit to the small amount 
of information now available treating of the ecology and geographical 
distribution of these forms. 

Thirty-eight species and varieties of twenty-three genera were studied. 
Three investigators have published descriptions of one or more species 
of Triclads or Rhabdocoeles for the vicinity of the Mountain Lake 
Biological Station; Kenk, 1935; Gilbert, 1936; Nuttycombe and 
Waters, 1938. 

The Mountain Lake Biological Station was established by the Uni- 
versity of Virginia as a summer biological station in 1930. The station 
is about eight miles from Pembroke, in Giles County, Virginia, and 
about one mile from Mountain Lake. This lake is said to be the only 
natural lake in the southern Appalachians and one of the highest in the 
East. The station is at an elevation of approximately 4,000 feet on the 
divide between the Mississippi and Atlantic drainage areas. 

Because of an abundance of rain and the presence of many springs and 
small mountain streams, it is an excellent collecting place. Because of 
the altitude factor, collections may be made representing life of both the 
Canadian and Austral Zones within a radius of five miles of the station. 

Since the establishment of the Mountain Lake Biological Station by 
the University of Virginia, nineteen zoologists have worked on the 
Turbellaria in this region.* Only three of these investigators have pub- 
lished material of an ecological nature on this particular region. The 
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others have, whenever possible, generously contributed notes for the 
preparation of this paper. The list of investigators includes Dr. William 
A. Kepner, Dr. Bruce D. Reynolds, Dr, Chauncey M. Gilbert, and 
Mr. Robert Brumfield of the University of Virginia; Dr. Paul R. Burch 
of Radford State Teachers College; Dr. Margaret Hess of Judson 
College; Dr. RuflSn Jones of William and Mary Collie (Norfolk); 
Dr. Trenton K. Ruebush of Yale University; Dr. Roman Kenk of the 
University of Puerto Rico; Dr. John W. Nuttycombe of the Uni- 
versity of Georgia; Dr. Raymond L. Taylor of William and Mary 
College; Mr. Robert I. Bosman of Johns Hopkins University; Mr. 
Richard J. Porter of the University of Chicago; Col. Robert P. Carroll 
of Virginia Military Institute, and the authors. 

TAXONOMIC LIST OF SPECIES REPORTED 

Order 2: Rhabdocoelida 
Suborder 1 : Notandropora 
Family 1 : Catenulidae 

Rhynchoscolex simplex Leidy 1851. 

Caknula virginiana Kepner and Carter 1930. 
StenosUmum arevaloi Gieysztor 1931. 

Stenostomum grande Child 1902. 

Stenostomum kepneri Nuttycombe and Waters 1938. 
Stenostomum pegephylum Nuttycombe and Waters 1938. 
Stenostomum saltens Kepner and Carter 1931. 
Stenostomum tenuicaudatum Graff 1911. 

Stenostomum tvberculosum Nuttycombe and Waters 
1938. 

StenosUmum ventronephrium Nuttycombe 1932. 
Stenostomum virginianum Nuttycombe 1931. 
Stenostomum sp. 

Fuhrmannia sp. 

Suborder 2: Opisthandropora 
Family 2: Macrostomidae 

Macrostomum buWostylum Ferguson 1939 
Macrostomum riedeli Ferguson 1939 
Macrostomum reynoldsi Ferguson 1939 
Macrostomum ruebushi Ferguson 1939 
Family 3: Microstomidae 

MicrosUmum lineare Schmidt 1848 
Suborder 3: Lecithophora 
Section 1 : Dalyellioida 
Family 4: Provorticidae 

Provortex affinis (Jensen) Graff 1882. 

Family 6: DalyeUiidae 
Dalyellia sp. 

Castrella truncata Hofsten 1910. 
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Section 2: Typhloplanoida 
Family 6: lyphloplanidae 
Subfamily 2; T^bloplaninae 
Typhloplana sp. 

Castrada sp. 

Subfamily 3: Rhyncbomesostominae 

Rhyncbomeeoetoma roetratum (Muller) Luther 1904 
Subfamily 4: Phaenocoiinae 

Phaenocora kepmri Gilbert 1936. 

Phamocora virginiana Gilbert 1935. 

Subfamily 7 : Mesostominae 
Mesostoma sp. 

Section Z: Kalyptorhynchia 
Subsection 1 : Eucalyptorhynchia 
Family 18: Gyratiicidae 

G^atrix hermaphroditus Ehrenberg 1831 
Family 19: Polycystidae 

Klattia virginiensis Kepner, Stirewalt, Ferguson 
1939. 

Order 3: Alloeocoela 
Suborder 1: Lecithoepitheliata 
Family 3 : Prorhynchidae 

ProrhynchuB Btagnalia Schultze 1851 
Geocentrophora baltica (Kennel) Steinbock 1923* 
Geocentrophora sp. 

Suborder 3: Seriata 
Family 11: Bothrioplanidae 

Bothrioplana semperi Braun 1881. 

Order 4: Tricladida 
Family Planariidae 
Curtisia foremani (Girard) Graff 1916. 

Euplanaria trigrina (Girard) Kenk 1935. 

Fonticola gracilis (Haldeman) Kenk 1935. 

Fonticola morgani (Stevens and Boring) Kenk 1935. 

Planaria dactyligera Kenk 1936. 

STATIONS 

Natural Lake 

Mountain Lake (Fig. 1) is located between Salt Pond Mountain and 
Doe Mountain at an altitude of 3,873 feet. It is situated on what was 
for many years the main highway between Virginia and West Virginia. 
The interstate boundary line is about ten miles north of the lake. The 
first survey of this body of water was made in 1763 by Christopher Gist 
and is apparently valid today, the dimensions being about nine-tenths 

* Prorhynchus haliicus Kentiel 1888 . 
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Distribution Chart (Sununer, 1938) 
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of a mile by about one-fourth of a mile. The surface is about one hun- 
dred acres and the greatest depth is about eighty-five feet. According 
to several geologists the lake is a natural solution collapse basin. The 
underlying formation is of Martinsburg Shale (Ordovician). This 
shale is very high in lime content. On the east and north sides of the 
lake, large boulders of hard sandstone (Clinton formation) (Silurian) 
have broken away from overlying formations and come to lie on the 
bottom of the lake so that they project from the water. The lake is 
supplied by several springs and a very abundant rainfall. The water is 
usually transparent to the extent that a standard Secchi disc may be 



Fio. 1. Mountain Lake— looking northward 


seen to the depth of eighteen feet. After very heavy rains the trans- 
parency may not be more than three or four feet. Analysis of the water 
shows the following solutes to be present as indicated in parts per mil- 
lion: mineral residue, 6.4; organic and volatile residue, 19.2; iron and 
aluminum oxides, none; bicarbonates (HCOa), 30; free carbon dioxide 
(CO 2 ), 9; dissolved silica, 1.4; calcium, trace; magnesium, trace; ni- 
trates, none. pr. Edwin Powers and Miss Theresa Hickman, working 
in the summe^yPl934, found the pH to change from 6.8 to 5.9 as the 
depth increased to seventy-five feet. They found that the oxygen con- 
tent decreased from 5.32 to 5.15 cc. per liter between the surface and 
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a depth of 30 feet and decreased thereafter to 2.48 cc. per liter at a depth 
of 75 feet. In summer the temperature is slightly over 22°C at the 
surface. It decreases about one degree between the surface and the 
thermocline. Between about 15 feet and 30 feet of depth (the thermo- 
cline) the temperature drops rapidly from 21 °C to 11°C and thereafter 
drops gradually to 9°C at the bottom. The physical and chemical 
properties of the water and mud of the lake are well described by Hutch- 
inson and Pickford (1932). The water contains Elodea, Isoeies, Chara^ 
unicellular and filamentous algae, and other plants. The lake shore is 
overgrown with evergreens mainly mountain laurel, rhododendron, 
and hemlock. 

Collections were made at depths of from six inches to thirty feet. 
Study showed that the most abundant turbellarian fauna lived in the 
more shallow w’ater, while only Euplamria and Rhynchomesosioma 
\yere taken at tlie deepest point of collection.* Collections at the shal- 
low southern end where several springs arc found, proved to be the best. 
A more extensive study of depth collections will be made in the near 
future. 

Artificial Ponds 

Collections were made in several artificial ponds varying in length 
from twenty-five feet to four hundred yards. 

Hoge’s Pond (Fig. 2) is located in GilOvS County on U. S. Route 23, 
approximately two miles east of Pembroke, at an elevation of 2,035 
feet, in a fairly rich limestone valley (Stone River formation) (Ordo- 
vician). This pond is about seventy-five yards long and not over eight 
feet deep. It is about sixty years old. It is fed by the overflow from a 
watering trough, which receives water piped from a mountain spring 
two miles away. The pond is bordered on different sides by pasture, 
cultivated land, and a patch of weeds and willow trees. 

Farrier^s Pond (Fig. 3), is on U. S. Route 23, two miles west of New- 
port. It is about two hundred yards long and its greatest depth is about 
15 feet. A swampy place produced by a small mountain stream and 
including a large spring was dammed up more than eight years ago to 
form this pond. It is located at an elevation of 1,850 feet, on limestone 
soil (Stone River formation). The water contains large quantities of 
Chara and other algac'. The greater part of the pond is unshaded, 
though there are sevc^ral large willow trees at one end. The shore is in 
lawn grass. 

* These depth studies uere made by means of an automatic collecting dredge 
(Ekman dredge, Foerst Company)*. 
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Fig 3 Farner^s Pond 
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Kcssingcr’s Pond (Fig. 4) was formed about twelve years ago by 
damming a small mountain stream in a swampy meadow. It is loeated 
in Giles County, Virginia, about two miles southwest of Newport at an 



Fig. 4 Kessingoi^b Pond 



Fig 5 McClaiity’s Pond 


olevatioii of 2,100 fec't. The pond is about fifty yards long and contains 
an abundant growth of green algae. Aquatic insects are very numer- 
ous. The surrounding soil (Martinsburg Shale) is in grass on one side, 
and wooded on the other. 
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McClarity^s Pond (Fig. 6) is located between Kire and Interior, Giles 
County, Virginia, about two miles from Kire. It was formed about ten 
years ago by damming a small swamp fed by a mountain stream. The 
pond is more than fifty yards long and is ten feet at the deepest point. 
Plant and animal life is not abundant. Juncus-like plants are growing 
in the northern end of the pond. The entire pond is surrounded by 
grass-land. It is located at an altitude of 2,690 feet in Black Devonian 
Shale. 



Fig. 6 Evan^s Pond 


Evan's Pond (Fig. 6), about two miles south of Blacksburg (betw(^en 
Blacksburg and Price's Fork), is apparently a small sink hole. It is 
located ai an elevation of 2,200 feet in the Rome formation (Cambrian) 
It is fed by a small spring and has no outlet. Though the pond is only 
about fifteen yards long and only knee deep, local residents say that it 
has never been dry. The center of the pond which is in open water has 
a bottom composed of bluish gray mud. A lush growth of rushes and 
saw grass separates the oi5en water from a weed-grown field. 

On the campus of Virginia Polytechnic Institute, in Blacksburg, are 
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two artificial ponds. One, located between the Faculty Apartments 
and the University Club (Pond I) (Fig. 7), is about three hundred yards 



Fig 8 V P 1 Pond II 


long. Pond I was formed about five years ago and contains abundant 
animal life and large quantities of Spirogyra, Pond II (Fig. 8) was 
formed about tw enty-fivc years ^o but was enlarged about a year ago 
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and contains almost no animal life but docs contain abundant Chara. 
Both ponds are located at an elevation of 2,150 feet in Rome formation. 
Neither pond is shaded. 

*‘Lako Rana” as it is known by the biologists of the Mountain Lake 
Station, is a small stream-fed pool on the grounds. It is a veritable 
catch-all for any aquatic plant or animal which may be brought for 
study. Many Turbcllaria have been ‘‘planted^^ here for future study. 

Springs 

(Collections were made in three large springs and many smaller springs 
on Salt Pond Mountain, Bear Cliff Mountain, Doc Mountain, and 
vicinity. 

The Water Supply Spring of Mountain Lake Biological Station is 
located three-fourths of a mile southeast of the Station on Bc^ar Cliff 
Mountain. It is at an ekn^ation of 4,100 feet, and is located in Clinton 
formation (Silurian). The average summer t('mperature is 11°C. 
The spring is surrounded by mountain laurel and rhododendron. The 
border of the spring is over-grown with sphagnum moss. The bottom 
of the spring is covered with a layer of veg('table debris, principally 
dead leaves. 

Arsenic Spring is a large spring on the banks of Big Stony Cri'ck, two 
miles west of Jure, Virginia, between Interim* and Kir(\ It is at an 
elevation of 2,689 feet in Black Shale (Devonian). This si)ring lias 
proven very interesting because of its low summer temp(*rature (11°C) 
and the large number of Turbcllaria taken from it. The spi-ing gushes 
from a bank, passes through a swampy area, and ('liters Big Stony 
Creek. It is in the swampy area of soft mud rich in organic* matter and 
plant growth that the best collecting may be done. The spring and the* 
swampy area are heavily shaded by deciduous tn*es. 

Twin Springs are locat(*d one-half mile northw(*st of the Mountain 
Lake Biological Station, at an elevation of 3,680 feet. The springs form 
an alga-filled pool four yards long, surround(*d by large hc'mlocks and 
mountain laurel. 

On the road leading from the Biological Station toward the Virginia- 
West Virginia boundary line, approximately two mil(‘s from the Station, 
is Dividing Spring. This small spring is unique among those studi('d 
in that it has drainage partly to the Missippi and partly to the Atlantic 
coast. It is partially shaded and is filled with a rank growth of green 
algae. 
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Streams 

Besides the many large and small springs, in the vicinity of the Bio- 
logical Station, there are many typical, small mountain streams. Ex- 



Fic. 9 Tributary stioam to Little Stony Creek near Cascades 



Fig 10 Bi|5 Stony Creek 

ten&ive colleotions were made in the small streams which unite with the 
Mountain Lake drainage to form Little Stony Creek. The streams 
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(Fig. 9) tributary to Little Stony Creek, from which collections were 
made, are called Mud Branch and Hunter’s Branch. Collections were 
also made in Sinking Creek and Big Stony Creek (Fig. 10). Unlike the 
ponds whose locations have been pointed out, these streams are easily 
found by use of a map (U. S. Geological Survey topographical map, 
Dublin, Va.-W. Va. quadrangle). 




Fig. 11. Little Cascades 
Falls 

Excellent collections were made in and near the cascades on Little^ 
Stony Creek. These are about four miles (six miles by road) west of 
the Lake. There are two falls- one called Little Cascad(\s (Fig. 11) 
which has a twenty foot drop, and the second called The Cascades 
(Fig. 12) which has an eighty foot drop. They are located at an eleva- 
tion of about 3,050 feet in the Clinton formation (Cacapon member) 
(Silurian). These cascades are surrounded by large hemlocks, rhodo- 
dendrons, and deciduous trees. Excellent collections may be made by 
scraping the moss and algae from the rocks in the heavy spray of the 
falls. Surrounding the falls are high bluffs down which numerous 
spring-fed streams flow. These streams also offer good collecting 
places. 
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Fia. 12 The Cascades (Little Stony Creek) 
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DISCUSSION 

The occurrence of Macroatomum bulboatylum to the exclusion of other 
Turbellaria in Farrier^s Pond is of significance. This is a carnivorous, 
hardy species which is able to live under conditions which would destroy 
many other turbellarian forms. On the other hand, the pond is rela- 
tively new. We intend to ^^plant'^ several of the more hardy turbel- 
larian species in Farrier^s Pond in order to test whether only Macros- 
tomum bulbostylum has been able to establish itself in the pond or 
whether it (or some other factor) has prevented other spc^cies from es- 
tablishing themselves. 

While the authors are cognizant of the fact that turbellarian speci(\s 
may not always be found in the same place from year to year, they are 
convinced that such a survey as this will aid in understanding the vari- 
able nature of these bodies of water. The Mountain Lake Biological 
Station presents an ideal environment for the completion of such an 
ecological study. A vast amount of such work awaits the students of 
Turbellaria here in America as well as elsewhere. 

Miller School of Biology, 

University of Virginia, 

Charlottesville, Va. 

LITERATURK 

Ferguson, F. F. A Monograph of the Genus Macrostotmtm O. Schmidt 1848. 
Part 1. Zool. Anz. 126: 7-20. 1939. 

Gilbert, C. M. A comparative study of three new American species of the 
genus Phaenocora with especial reference to their reproductive organs 
and their relationships with other described forms of the genus. Acta 
Zool. 16 : 283-386. 1935. 

Graff, L. v. Turbellaria. II. Rhabdoeoelida. Das Tierreich, 35 Lief. 1913. 
Hutchinson, G, E., and G. E. Pickford. Limnological observations on Moun- 
tain Lake, Virginia. Int. Rev. Hydrobiol. 27 : 252-264. 1932. 

Kenk, R. Studies on Virginian Triclads. Journ. E. M. Sci. Soc. 61: 79-125. 
1935. 

Keener, W. A., and J. S. Carter. Caienula Virginia n. sp. Zool. Anz. 91: 300- 
305. 1930. 

Keener, W. A., and J. S. Carter. Ten well-defined new species of Slenoatomum. 
Zool. Anz. 9S: 108-123. 1931. 

Keener, W. A., M. A. Stirewalt, and F. F. Ferguson. Klattia virginiensis 
n. g., n. sp. Zool. Anz. 126: 299-309. 1939. 

Keener, W. A., E. D. Miller, and A. W. Jones. Observations upon Phyn- 
chomesostomum rosiratum. Zool. Anz. 107: 188-192. 1934. 

Nuttycombb, j. W., and A. J. Waters. The American species of the Genus 
Stenostomum. Proc. Amer. Phil. Soc. 79: 213-301. 1938. 

Ruebush, T. K. The occurrence of Provortex affinis Jensen in the United States. 
Zool. Anz. lU: 305-308. 1935. 

SteinbOck, O. Monograph der Prorhynchidae (Turbellaria). Zeitschr. f. 
Morph, 4, Okol. 8; 538-662. 1927. 



IXKJHETIC LUMINOUS DIPTEROUS LARVAE 
Bt B. B. Fulton 
Plate 27 

While getting water from a mountain spring one night in early June, 
I noticed many steadily glowing specks of light scattered over the damp 
earth and rocks near the spring. The light had a bluish color unlike 
that of fire flies or their larvae. Returning to the spot later with a 
flash l^t, I discovered that the lighto came from worm-like creatures 
living on webs strung across exposed hoDow places in the damp earth or 
between rodcs (Pig. 1). When disturbed they quickly glided along the 
web to conceal themselves in deeper parts of the cavities. 

They had the general appearance of small Annelid worms but when 
examined more closely with a hand lens, a small but definite^ insect 
t3rpe of head could be seen. I concluded that they were Dipterous 
larvae and attempted to rear adults but was not successful. Some 
months later I lailteed from the larval structure and habits that they 
must belong to the family Mycetophilidae or fungus gnats.^ 

Most of the larvae are about a centimeter or slightly more in length 
when extended and about .8 mm. in diameter. The segmentation is 
distinct only in the anterior part of the body. The integument has 
brown pigment giving an annulated appearance except about a fifth 
of the anterior end and the extreme posterior end which are unpig- 
mented. Observed in the dark these parts are illuminated with a bluish 
hght. Within the anterior part, two rows of dark bodies like loosely 
strung beads are visible. 

When the Ituvae were removed from thmr habitat and placed on 
damp earth or moss in Petri di^es they proceeded to make new webs. 
The web is spun from the mouth and conrists of a central strand sus- 
pended over a hollow place by alternating strauds to right and l^t 
There are generally several main strands leading to a deeper cavity where 
the lalrira lies conceided during the day. The whole web may be 4 or 5 

* Thia fiading was oonfimed by Dr. O. A. JohsmiBea. Adult fiias obtained in 
1089 were idestifled as a new species of Platj/ura by Dr. BBsabetb Of. Fidier, who 
also made the other detenninatioms swntioaed in footnotss. 
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em. loos tmitam to any «yaalable nittonl hoQow. It may be 

i^Mw ad or iMMiiKHttally but the bnmehes ate muiily in. *»»** 

jdaoe eaeept iu ihe ittnenaoat eavity vhidi may be filled with straods 
nmateg ia all dbeetiona. Moot of fitie tHaaehee m the eapoeed portkm 
aie eoated oo the dMd imrt ivith a erhii^ viecotm material fmmiiig 
aidiidle<4d>a{>ed bodies 2 or 3 mm. long which eod abruptly about a half 
milliineter from the attachment of the straud. Ibis material adheres 
to aay^dng touching it but the remainder ol the web is not adhesive. 
The larva rests on the flattened central slfand, being held to it by a 
film of Hi|tdd whi^ eomidetdy surrotmds the body. It can #de rapidly 
forward ot badtward by means of peristaltic body waves, and can re> 
verse its direction by doubling back on the same strand. 

The web seemed to be well fitted for the catdhing of small prey. Tj 
test tiiis I caught a small insect and by the aid of a flash light placed i 
in contact with a viscous spindle in one of the undisturbed wel» by the' 
q>ting. The fly larva immediately darted out of its retreat, and crawled 
ovmr the insect coating it with liquid foom the body, then grasped the 
insect with the mouth and pulled it back into the cavity. Examination 
of the webs by daylight revealed the remains of an ant and a small 
beetle. The most common insects in the vicimty of the webs were 
OoUembola, which would be entirdy consumed if caught. Termites 
were accepted as prey by the larvae confined in Petri dishes. Tbe 
luvae rmnained conceaded during the day but at night would come out 
far enough to expose the luminous anterior part of the body. Whether 
this liid^t served to attract insects, is a problem I did not attempt to 
solve. 

Ibe ^ring where the laiDUe were found is located near Qlenville in 
Jackson County, N. C., at an elevation of about 3300 feet. The spot is 
constantly moist and shaded. The larvae were most abundant in a 
partial cavern formed by an uprooted tree. A few others were found in 
the vidnity along a small stream under a rhododendron thicket, nesting 
both in soil and in rotten wood. Larvae were still present when I 
left GlenviBe on June 14, 1038. I vimtol tiie spot again by dayfight on 
July 11, but could find no larvae. At n^d^t on the same date, I found a 
number of them at Highlands in a steep wet bank around a iqiring. 
Hone were ever found associated witii fungi. The alimentary camds of 
p reser ve d specimens examiimd later were found to contain only broken 
particles of anaU iiweeip and mites. living spedmens were taken to 
Haleiidi Petij duhes both in June and July. One ot the first lot 
reached the pupa stage and died, but all the irthers died in the larvid 
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stage. The seleBd lot was taken east during a hot period and all were 
fouLl iead on Anival. 

A survey the litaratnre on this group of iSies failed to reveal any 
aceount oi luminous or loehetic larvae inhabiting the United States. 
Wheeler (1) reviews the literature on the known webepinnmg loebeHe 
spedes, a few of which are luminous. More recently* Mand>ridge (3) 
and Madwar (4) have described the habits of a number of websphudng 
EnghSfa species, several of them from j^nera known by the adult to be 
represented in our fauna. Provided with this information dbout 
Eun^)ean species, I looked for Mycetophilid larvae in appropriate places 
about Raleigh during the past fall and winter. Several different species 
were found showing conriderable diversity of habits, but none of them 
were luminous. They were kept in shell vials for further study. 

One species, of which two specimens were obtained fr(«n cavities in 
rotten logs, spun sheets of web of extremely fine criscross strands. The 
web was invisible to the naked eye so that the larvae appeared to be 
suspended in mid air. The web was not adhesive and even small 
Collembola failed to become entangled in it. Although fungus growth 
from the original habitat was provided, the larvae were never observed 
feeding on it and both specimens died, apparently from starvation. 

Another species* was found living gregariously in porous rotten wood. 
They filled the ispaees in the wood with a network of rather coarse chy 
web. Small insects did not become entangled in the web but were ap- 
parently unable to crawl throu^ it. The larvae fed on the rotten wood 
and matured on this food alone. With this species the web seemed to 
have no function except that of excluding predatory or parasitic ene- 
mies from the cavities in which they were feeding. 

Three other species were found living in webs well adapted for the 
catching of small prey. The webs were several inches long and con- 
sisted of a mmn strand, more or less branched, suspended by numerous 
much branched smaller strands radiating in all directions (Hg. 2). 
The main stiand was a thin slimy band on whidi the larva rested or was 
suspended under it. The side strands were fine threads loaded with 
small drops of clear liquid, like loosely strung beads. 

One species' was found only in very rotten demp logs contmning much 
fungus growth, either in old Passalus holes or on fungus growth on. the 
under side of the log. The alimentary tract of one epedtam was found 
to eontaia fine granular material with no trace of insect remains. Ihe 

sp. near jueunia Johannaen. 

*Ceropiatu» iCwaUAion) new qweiea. 
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Bpmea probably feeds largely on fungi. They woe very slow to attack 
an insect caD^t in tiie web but would occasionally do so. Usually they 
would allow the i»ey to die in the web before feeding on it. The olher 
two igieeies^ were sometimee found in cavities in rotten wood, but more 
<rften am<mg damp dead leaves on the undra side of rotten logs. They 
were usually not associated with fungus growth. They promptly 
attacked insects placed in the web. 

When kept in shell vials with a piece of rotten wood or other absorbent 
material saturated with water, it was noticed that the sise of the web 
droplets varied with the degree of saturation of the air. A high degree 
(d humidity had to be maintained for optimum conditions. If the larvae 
were exposed to the air of a room, they would die in a few minutes. 
Mansbridge (2) found that the web droplets of Platsrura would quickly 
kill a small Annelid worm by contact. Buston (3) found that tl^ ma- 
terial contained oxalic acid and that a solution of oxalic acid of about the 
same concentration would also kill the worms. Dr. Ivan D. Jones 
tested the web fluid of my specimens and found that it also contained 
oxalic add. No immediate toxic effect was observed with the termites 
and other insects used in feeding my spedmens. 

Aside from any benefit due to the oxalic add the droplets adhere to 
small insects that come in contact with the web. Guided by the move- 
ment of the strugg^ng insect, the fly larva glides toward the prey, keep- 
ing the rear part of the body on the main strand, with finger-like lobes 
on the terminal segment acting as an anchor. The mode of attack 
varies. Sometimes the larva will grasp the prey and drag it into the 
web destroying part of the web, but bringing the prey into contact with 
so many strands that it is rendered helpless. At other times the larva 
proceeds more cautiously and at first contact with the prey the body 
contracts so suddenly that a considerable amount of the liquid surround- 
ing the body is depodted on or near the prey. This may be repeated a 
few times and then the Iw^a crawls over the legs and jaws of the prey 
until the latter is so coated with slimy liquid that further movement is 
imposdble. 

On one occasion while looking for something to feed the larvae, I 
found some smaU spiders living in webs in a window. They suggested 
the proverinal rdationship of the spider and the fly. Were these juve- 
nile flies capable (rf reversing that situation? I selected one of the ag- 
gressve i^cies, placed the spder in the end of the vial and prodded it 
into the web. Several of'its legs came into contact with the web drop- 
lets and it began to struggle to free itself. The larva mobilised and 

*PUtllfura sp., mar inapt Coqaillstt and Flotpwa gmwUit Johannaen. 
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caxM gUdiiig aH^ag the main atraad. The spider apparently saw the 
mov^ent and oeased struggling. The larva was unable to locate the 
motionless e^der and after a few minutes retired. The spider then 
resumed activity and the performance was repeated several times, 
finally the larva continued to advance slowly and reached a leg of the 
spider. It grasped the leg and snapped back, jerking the spider farther 
into the web. On the next advance it crawled across the pedipalps and 
front 1^ and snapped back again leaving a slime deposit. Then it 
coated the remaining legs on each side and lastly crawled ov^ the ven- 
tral side, grasped the tip of the abdomen and yanked it forward under 
the cephalothorax, leaving the spider in a helpless slime-coated ball. 

A more highly developed webspinning ability is found in two other 
lochectic Mycetophilids. One was found by Cook (6) in Guatemalan 
caves. The web was suspended from the roof of the cave and consisted 
of a main horiaontal strand over a foot long supported at intervals by 
vertical strands. Hanging from the horizontal strand were other verti- 
cal strands 1 to 3 mm, apart and 2 or 3 inches long, each with a viscous 
coating. The larva traveled on the horizontal strand and fed on small 
fi3dng insects caught in the sticky fringe. 

The most famous species is the New Zealand glowworm (Edwards, 6) 
which is found in deep ravines and caves. Its web is built on the same 
general plan as«ihf above, but the pendent strands are loaded with 
droplets instead of a continuous coating. It has a luminous organ 
situated in the posterior part of the body and the light is controlled by 
the larva and may be turned on off. When an insect is caught in one 
of the pendent strands, the larva winds up the strand and devours the 
insect. 

Nobtr Carolina Stats Collbqb, 

Ralbiob, N. C. 
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Fig. 1. (Above) Luminous larva in web. North Carolina mountains. 

Fig. 2. (Below) Lochetic Mycetophilid larva from eastern North Carolina. 






THE OCEAN SUN-FISHES ON THE NORTH CAROLINA COAST . 

The Pointed-Tailed Maaturus lanceolatvs and the Round-Tailed 

Mala mola 

By H. H. Brimley 
Plates 28-30 

On November 1, 1937, a specimen of the Long-tailed Ocean Sim-fish, 
Masturua lanceolatu8f was caught by the mullet-seine crew of Brown's 
Inlet Fishing Camp in the sound and about half a mile south of the In- 
let, Brown's Inlet being about half-way between Bogue and New River 
Inlets on the shore-line of Onslow County, North Carolina. The cap- 
tors had placed lines around the fish's body and then anchored it in the 
deep water of the channel directly opposite the camp, where Harry T. 
Davis and I examined, measured and photographed it on the afternoon 
of November 2, the fish being alive at the time. It reached the Museum 
in the flesh about mid-day of November 8, when the body was placed 
on ice overnight, and the making of the plaster molds was started the 
morning of November 9. 

The figures below show the dimensions of the specimen, with colors 
and other notes following; 


Length, tip of snout to tip of caudal 73K 

Greatest depth of body 37^ 

Greatest thickness of body, partly estimated 11^ 

Height of dorsal fin 27^ 

Height of anal fin 25^ * 

Tip to tip of dorsal and anal fins 84^ 

Tip of tail to proximal edge of tail muscles 19^ 

Pectoral fins x 

Gill opening 21*^ x 4^ 

Diameter of eyes 2^ x 2\* and 

X 2V 

Length of gills, 4 to each side 20^ ^ 

Width of mouth when open 4^ 

Estimated weight 500 lbs. 


Fin rays, counted from the plaster molds: P. 9; D. 18; 0. (partly esti- 
mated) 18; A. 14. 

*295 
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Color: The sideB (tf the body showed ao uneven dirty-silvery tint, 
lild^ter below and darker above. All the fins, with the exception of the 
pectorals, were darker than the nearby body colors. The soft muscles 
at the bases of the vertical fins showed a blotchy and rather spotty 
,^ect, the goieral effect of these blotchy areas being somewhat lighter 
than the fins they supported. The upper sides and the top of the head 
were neariy the color of the back. A rather dark, muddy, slaty brown 
might be a fair description of the color of all of the fins. 

When viewed alive, the color of the lips and interior of the mouth was 
a rather dark old rose with a trace of purple. 

The mouth, when opened, was almost circular in outline, the tongue 
showing conspicuously. The live specimen opened and closed its mouth 
a number of times during our examination. 

A nictitating membrane enabled the creature to open and close its 
eyes. I saw this happen several times and the fisherman also called 
attention to this feature. The color of the iris appeared to be a rather 
light mottled brown. 

The caudal fin was so flexible at its base as to allow a side movement 
almost at right angles to the center line of the body, indicating the use 
of this organ in swimming. This is well shown in one of the photo- 
graphs. 

Side movements of the caudal fin were made consciously by the fish 
while suspended for photographing. 

The anal and dorsal fins were susceptible to a considerable twisting, 
as weU as lateral, movement. 

The surface of the skin was sand-papery in feel when stroked towards 
the head — ^very much like that of most sharks — but smooth to the feel 
when stroked towards the tail. It was not covered with the noticeable 
spines and the thick, persistent slime, that are so characteristic of Mola. 

The only hard parts found in this specimen were the bony cutting 
edges of the jaws that take the place of teeth. This character is much 
the same as in Mola, and the cleaned jaws bear quite a strong resem- 
blance to those of the loggerhead sea-turtle. 

An audible “grinding” of the jaws was reported by the fishermen who 
stated that it sounded “like a hog eating com!” My defective hearing 
caused mcfitlitniss this point. 

The caiMW^ show^ no sign of injury, being perfect in outline. Its 
extended liMtion was situated above the median line of the body, which 
seems to tel||||4racteri8tic bf the species. 
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llte specimeilVas in almost perfect condition, and I believe it mi^t 
be r^gar^ as quite typical in its proportions and in its coloration, ex- 
cept for the fact that there was a c<Hnplete absence of the spots on the 
vertical fins that seem to be generally found on this species. 

The skin adhered very closely to the underlying muscular tissue — 
as in Mola — to the point where the actual skinning of sUCfa a specimen 
would seem to be a rather hopeless undertaking. 

The contents of the abdominal cavity were removed by Dr. Reinard 
Harkema, of the biological department of N. C. State College, for an 
examination for parasites. 

Plaster casts were made of both sides of the body, including the caudal 
fin and the bases of both dorsal and anal fins. The pectorals, dorsal 
and anal were then cast separately, on both sides. A cast of the lips 
and the interior of the mouth was also made. 

The hard jaws and the pectoral fins were preserved; also, a sample of 
the skin. 

Dr. E. W. Gudger, Associate Curator of Fishes in the American Mu- 
seum of Natural History, New York, who has made an intensive study 
of this species, has recently published an exhaustive and well illustrated 
43-page and five-plate article on Masturus in the Proceedings of the 
Zoological Society of Ijondon, under date of September 22, 1937. In 
this paper, Dr. Gadger lists all known records of the species, 31 adults 
and a number of young in the post-larval state, and, as this fish was 
first described in 1840, or 1841, the small number of known occurrences 
of so large and conspicuous a species seems to support the publii^ed 
statement that it is the rarest of all large ocean fishes. 

One record, however, was overlooked by Dr. Gudger, this being a 
photograph in a non-scientific publication of a “Sunfish,” the collector 
evidently regarding his capture as a malformed specimen of Mcia, 
though the picture identifies it as Masturua. The available data of 
this catch is as follows; 

Mr. H. Wendell Endicott of Boston, Massachusetts, in his botdc. 
Adventures with Bod and Harpoon Along the Florida Keys, mentions the 
taking of a Sunfish of about 400 pounds weight in the Gulf Stream, but 
gives no particulars. So, as the photograph of this q)ecimen shows it 
to be Maslvrus, I secured the following details from Mr. hkidicott direct: 
It was harpooned near Alligator Light, probably off Lower Matacumba 
Key, in the early spring of either 1923 or 1924, Captain Walter A. Starck 
being with Mr. Endicott at the time. Not recc^nising it as anything 
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out of the ordiaaiy, no measurements were taken and no notes of the 
event were made than a mere reference to the ca|)ture. 

Dr. Gudger’s list of 31 recorded adiilt specimens shows 3 froip the 
Indian Ocean, 5 from the Pacific and 23 from the Atlantic, 9 d. the latter 
bdng from east coast of Florida. The most northern of these (2) 
are reported from St. Augustine, that taken in 1912 having a reported 
length of 10 feet and an estimated weight of 1700 pounds. .And, in 
spite of no scientific publication of its dimensions, it would seem to be a 
world-beater. The mounted (stuffed) skin of this fish is on exhibition 
in the Museum of Marine Curiosities on Anastasia Island, St. Augustine, 
Florida. Dr. Oudger shows a photograph of the giant taken during the 
process of “stufihng.” 

Dr. Gudger makes the point — ^undoubtedly well taken — that many a 
Afastunu has been mistaken for a Mold, particularly in cases in which 
the tail was not observable. And no doubt in many cases in which the 
caudal fin could be seen, the specimen would be classed as a Mola with 
a distorted rear-end. I fell into that error myself in first viewing the 
illustration in Mr. Endicott’s book, not knowing of the existence of 
Masturvs at the time. 

On December 20, 1937, a crew of seine fishermen while heading for 
Masonboro Inlet, directly south of Wrightsville Beach, N. C., noted a 
tfdl fin sticking up above the level of the marsh in the sound. On 
approaching the object they found that a large fish of a species unknown 
to them had worked into a narrow slough at high tide and had become 
imprisoned as the tide went down. 

The efforts of the whole crew of eight men were required in getting the 
specimen into deep water, andfive men working in unison were unable to 
lift it. It was landed alongside the causeway leading from Wrightsville 
across the sound to Wrightsville Beach, where it was placed on exhibi- 
tion. 

A notification was received by wire that a large sunfish had been cap- 
tured but, as the Museum already possessed good examples of both 
Mola and Moiturus, no effort was made to secure this one, although 
there was the problem of determining the species to be considered. 

The writer of this paper was fortunate enough to examine and measure 
the specunill on December 29, nine days after its capture, and it proved 
to be Mai§)liiit. 

Mr. BuiM^. Bridgers, of Wilmington, had already taken measure- 
ments, whitfidn {dl cases came within an inch or two of those made by 
the writer. However, as mine were made after some shrinkage had 
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sticking up above tbe surface of the water. His boatman, not recog- 
nising the fin aa belonging to any fish known to him, ran the boat 
within 76 to 100 feet of the creature and suggested to Mr. Gatch that 
he oast his lure— ra Japanese feather jig— directly in front of the fishes 
mouth. The aim was true, the lure struck the water where intended 
and it was immediately grabbed by the fish and the hook took hold. 
It remained on the surface after being hooked, the boat following its 
movem^ts while the angler kept his line tight. Finally, when boat and 
fish were not more than 20 feet apart, the hook pulled out. But, with 
the tsrpical Sunfish slugginess, no effort to escape was made and the 
fish was finally dragged into the boat. 

It was photographed and weighed, but no measurements of the speci- 
men were made. Its weight was 253 pounds, and it may be that this is 
the first recorded instance of an Ocean Sunfish taking an angler's lure 
and being played on rod and reel. Or was it taken intentionally? 

KBT TO SPBCIB6 FBOli EXTERNAL CHABACTBBS 

1. Caudal fin extending horizontally to a length of about one*fourth of the meas- 

urement from tip of snout to tip of tail, with a long lobe-like projection 
situated somewhat above the median line of the body. Caudal rays promi- 
nent in both fresh and dried condition, numbering 15 to 24, or more Skin 
denticles only noticeable when the body is stroked from the tail, forward, 
when a slight sand-papery effect is observed. When stroked in a backward 
direction the skin appears to be smooth. Vertical fins often profusely 
spotted. No slime on body. MA8TURUS 

2. Caudal not recognizable as a fin. The outer border of this thick and rigid 

member shows a series of rather regular scallops forming a gentle curve 
from the base of the dorsal to the base of the anal. Rays not distinguishable 
in the fresh specimen, perhafifi not even in the dried tail. Dissection shows 
12 or IS rays as the usual number. Skin denticles are in the form of erect 
spines and are covered with a dense and persistent slime, both denticles and 
slime being very noticeable characteristics. MOLA 

State McsBuif 
Ralbxoh, N. C. 
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PLATE 28 

Ma9tttru8 lanceolatm from Brown’s Inlet 

(Above) Showing tail bent at right angle to body. Photograph by authoTn 

(Below) Photograph by H. T. Davis. 

PLATE 29 
Maaturus lanceolatua 

(Above) From Masonboro Sound, estimated weight, 8(X) lbs. 

(Below) Small stuffed specimen, mentioned by Dr. Smith under Mola^ found 
dead at Gape Lookout, March 15, 1904. 

PLATE 30 

Mola mla 

(Above) Specimen caught near Swansboro, N. C., May 30, 1926. Estimated 
weight 1200 to 1300 lbs. Photograph by J. F. Cunningham. 

(Below) Specimen caught by B. Wesley Gatch of Baltimore, Md., May 12, 1937. 
Weight 259 lbs. Note that the projection showing below the caudal fin 
is the end of a rope, not a part of the tail. 
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mwtom OF three &-ikch post-larvae 

On April 17, 1938, Capt. £* E. Saar in his boat ^Tiking” was fishixig 
in the green-water edge of the Gulf Stream off Fort Lauderdale, Florida, 
Several dolphins {Coryphaena) were taken. When the boat laiadcd her 
catch at the dock at Fort Lauderdale, the captain noticed that one of 
the dolphins (weighing 17 lbs.) had a very much swollen abdomen. 
When it was opened, the three young MoBiuruB were found. The other 
dolphins were also opened, but unfortunately none of them contained 
young pointed-tails. 

Every one was interested in these strange fish, but no one knew what 
they were. Capt. Saar carried them to Mr. Dale Redman, an agent of 
Mr. Pflueger, and he sent them to Miami for identification. At the 
first glance they were recognized, and knowing my great desire for such 
intermediate forms, Mr. Pflueger generously forwarded them to me for 
study—^two of them to become the property of the American Museum. 
Thus through the cooperation of these three men these invaluable speci- 
mens were obtained and preserved for study. 

other young mabturus prom the stomachs op dolphins 

It will interest the reader to know that these young pointed-tailed 
ocean sunfish are not the first to be collected from the stomach of a 
Coryphaena — even in Florida waters. The earliest specimens of Mos- 
turus ever recorded from the waters of this state were four little fellows 
taken from the stomach of a dolphin captured off Pensacola in 1882. 
These measured (to base of caudal fin — the only measurements given) 
35, 39, 42, and 50 mm. The smallest of these is shown herein in natural 
size as Rg. 1. It is the only small spotted specimen heretofore figured 
and described. Its '‘over all'^ measurement is 49 mm. — the filament 
giving the added 14 mm. 

Still earlier (1880) the '^Blake^' expedition captured a dolphin in the 
western Sargasso Sea (Lat. 31® 30' W. and Long. 73® 31' W.) east of 
Savannah, Ga, From its stomach were taken two small MoBiurus. 
These remained unidentified and undescribed in the Museum of Com- 
parative Zoology, Cambridge, Mass., until I figured and described one 
of them in 1935. It measured 53 mm. in standard and 65 mm. in over 
all length. It is portrayed iElfure 2. 

There is in the Cjk^nhai^ Muimm a little Masturus taken from the 
stomach of a Off the Aaores Islands (distance and 

date not given) . This snieQ specimen (shown in 3 herein) measured 
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47.5 nun. in sUbidard and 54 nun, in over all length. The difference is 
due to tibe long central ‘ Vhisker” of the caudal. 



Fio. 1. A 69 mm post-larval Maaturua, with spots and whiplash tail, taken 
from the stomach of a dolphin caught off Pensacola, Florida. After Perugia, 1889. 



Fio. 2. A post-larval pointed-tailed ocean sunfish, 66 mm in total length, 
taken from the stomach of a dolphin captured in the western Sargasso Sea. 
After Gudger, 1935 

The young post-larval pointed tails thus far noted were df taken from 
the stomachs of dolphins caught in the North Atlantic — the 3 from off 
Ft. Lauderdale, 4 from the Gulf of Mexico off Pensacola^ and 3 from 
various parts <A the open ocean.. But the Central Pacific has also con- 
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Wbut^ 8 ^ae. These wets taken in 1911 on a t»Tene fcom the 
lice Itiands to the Unitrn Group, latitude and longitude not ^ven. 






struoturw. After MoCuBooh, 19tt. cunoua tail- 


^ 13 mm. long, and, as Ra 4 shows 

•key— pD«M«d theiipi*. «.d the curio* 
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terutic of tbs irval forms. These, however, came not from tixe stom> 
ach of a do4>fahi, but from that of another predatory fish — a kingfish. 

From the above, it will be seen that of the 28 lan^ and post-larval 
forms which I was able to list in 1937, 10 (more than one third) came 
from the stomachs of predatory fish. To these must now be added 
Mr. Pflueger’s three from off Fort Lauderdale, Florida, making a total 
of 13 out of 31 described young. In the light of this evidence, it is to 
be hoped that readers of this article who are deep-sea anglers will ex- 
amine in their catche| the stomachs of dolphins, kingfish, and like large 
predators, in the hope that they may find other specimens of the young 
Maaiwrus. 


THE SIX-INCH SFBCniBNB DESCRIBED 

These specimens are practically all of a size in standard length; 125, 
127, 130 mm. In total length they measure 152, 157, and 160 mm. 
The differences in total lengths are due to the varying lengths of the 
caudal lobes. Since these specimens are so nearly of a size, it seems not 
improbable that they were from a school of one hatching. The smallest 
is in perfect condition, but a laiger specimen shows marked evidence 
of considerable action of the digestive juices of the dolphin on its right 
hinder parts. On both sides the abdominal wall is noticeably discol- 
ored, the left side being very dark. The largest fish has a very much 
discolored wall on the left side. On the right side there is in the abdom- 
inal wall a tear about 30 mm. long, extending diagonally in a line joining 
the base of the pectoral and the front edge of the base of the anal fin. 
Through this some of the viscera protruded. This tear seems to be a 
mechanical injury. There does not seem to be any food in the alimen- 
tary canal of any one of these late post-larvae. 

To get the facts as to sizes, fin-ray counts, etc., briefly before the 
reader, they are set out in the following table. 
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A ofMopuiaon of total lengths with depths b^ore dorsal and anal 
fins diows that these fish are short—bttt deep-bodied. And especially 
ndiMi one (xnapares the length of the body proper (standard ^igth) 
with the deptii over the unpaired fins, one finds a justification for the 
funily name, Mcfiidae — tatin mola, a mill-stone. However, the genus 
Mola has a shorter and more rounded outline than Muslurw, while on 
the other hand, Rammia, the third genus, with its tail cut obliquely, 
is still long^-bodied than Mastwrus in proportion to the depth, taken 
both before and over the dorsal and anal fins. 

A further careful study of this table shows what a closely-graded 
series these three little fish form. The variations in measurements are 
somewhat affected by the degree of digestion, which each fish had suf- 
fered, and by the differential shrinking of each fish as it was preserved 
in alcohol. One has to have the three fish laid out side by side to see 
how nearly identical they are. Fish No. 1 is shown in Figure 5— an 
accurate portrayal. In each fishlet the jaws are well developed, and the 
teeth are sharp and fully functional for feeding. The eye and the gill 
orifice with its single flap are entirely like those of the adult. The 
skin is everywhere rough to the touch. This is especially true of the 
dorsal ridge, while the sharp edge of the venter is beset with prickles 
pointing slightly backward. The spines which are so characteristic 
of the early larval stages (Fig. 4) are gone, but on each fish I find one 
or more homy bases left by the spines when they fell off, as are shown in 
Figs. 2 and 3. 

All the little fish are wedge-shaped, thicker on the dorsal surface and 
tapering almost to a dull-knife edge on the serrate venter. As may be 
seen in Figs. 1 and 2, below the abdominal cavity there is a thin trans- 
parent re^on, apparently made of skin only and forming a kind of keel 
with a serrate edge. This was first noted in 1871 by F. W. Putnam of 
specimens from Massachusetts Bay. The dorsum is broadest over and 
just back of the esre, and thins out toward the region of the dorsal fin 
as well as towards the venter. The fish in alcohol are dark on the dor- 
sum and a dirty light-brown on the sides. Dorsal and anal fins are also 
dark. There is some evidence that the left side of the anal fin of fish 
no. 1 was spotted. But the hinder part of the left side of the body and 
caudal fin also ^ow fair reminiscences of spotting such as was found on 
another and smaller specimen (Fig. 1) taken from the stomach of another 
dolphin. Fig. 5, portrays fish No. t from the left side — ^the conventional 
pose. To this has been Ifaiuferrefi the remnants of the spotting from 
the right mde <rf fii^ No. 2— the one with the 30-mm. tear in the left 
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abdfaoinal will. Presumably this (and likely the others also) 
possessed this chu'acteristie coloration before it was removed by the 
digestive juices of the predator. The adult fish (presented to the Mu- 
seum by Mr. Pflueger) which came fresh in ice, was spotted over the 
mdes (especially the dorsal parte), over the tail-region, and on the base 
of the anal fin. I am told by those who have fortunately been in at the 



Fio. 5 A late post-larval MmIutw (lfi2 mm , A m in total Ungtii) from the 
stomach of a dolphin caught off Fort Lauderdale, Florida, m 1938 The inset 
drawing shows the much enlarged tips of the caudal fin rays. 

capture of Mattums, that the live fish is beautifully spotted, but tiiat 
the colors are apt to disappear shortly alter death. 

The body has no tail-re^on such as is found in other fishes, even near 
relatives of the Molidae. The body ends abruptly and the caudal fin 
begins as abruptly — tiie separation being marked in these post-larvae 
as in the adult by a curious band. At this band the spines of the dorsal 
fin are hinged. Outside and behind this band is a tramqiarent section 
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(tf :&e eoudfll fin rixMit mm. wide oompoeed of a tUok rubbeivSlse 
mietuL Tbe immiuBing (outer) part of the eaudal fin, ineluding the 
eeatral lobe, i8pa{>er thin. Wh^iableaehed-outfiniBbeldtotheiitf^, 
this is very apparent. The fieh with the spotted tail*fin shows this imr 
p«feot^, and tiie fin seems unusually tlnok— possibly because of little 
digestive action on it. This thinness <d caudal fins in these fish empha- 
sises that liiese young are still in the post-larvtd stage. The caudal ot 
tile adult is covered with thick rough tidn and the rays are embedded in 
a s(dM layer of collagen, as dense as rubber. When the transition is 
made in t^e structure of the fin is a problem to be solved by a study of 
the older post-larval forms approaching young adulthood. Notable in 
both post-larvae and adults is the fact that the point of the caudal is 
always above the median line of the. fish’s body. 

Of particular interest are the fins and especially those which make up 
the dorsal-caudal-anal complex. The pectoral-fin count (10) is easy 
to make and in these three young fish is identical. It is difficult to make 
the other counts because it is hard to delimit dorsal from caudal, and to 
say where caudal leaves off and anal be^ns. In these particular speci- 
mens, counts of dorsal and anal spines are, however, made somewhat 
easier because the digestive juices of the dolphin have removed much of 
the epidermis and with it the color over the dorsal and anal fins and per- 
haps only to a lesser extent over the caudal — and particularly over its 
point. 

In the first fish (figure 5), the caudal has 6 rays above the point, 6 
in this and 9 below. Hie caudal thus has 21 rays — of which 2 are the 
fin rays with invitible bases in the center of the “point.” Dorsal and 
anal ray coimts are normal, as is tiie count for the D -f C -f- A complex. 
For fish no. 2 the caudal counts are 7 -f 6 -f 12 = 26. The lobe has the 
4 main rays plus 2 intermediate ones which break up brush-like at the 
tip and nuJre the count difficult. The total D -f C -I- A combination 

62 is not beyond the limits of variation. Fish no. 3 had the epidermis 
gone off the bases of D. and A., and their counts were not too difficult. 
But the caudal had some color on the left side and a larger amount on 
the right. This caused trouble, but the counts for the upper and lower 
portions may be taken as they stand. The tip has much color on both 
sides and hence the count is difficult. I can make out the upper and 
lower pairs of rays as tiMWn in Fig. 6. In between these there is cer- 
tainly one supemunmaiy cay. It,m>^ be that there is another or that 
the one, which is miNdy there, breaks up into a brush of pdnts. 

Anotiier curuw# and interesting thing, discovered by my artist and 
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shown in inaetlSrawing, is the di- and trichotomous branching at the tips 
of the caudal rays. digestion has not gone too far, these curious 

tips of the fin-^rays are found everywhere, but even with digestion they 
are apt to persist at the ends oi the rays at the junction of the candid 
with the dorsal and anal fins. Furthermore, there is evidence that tb^ 
hinder and outermost of the dorsal and anal rays possess such tips. 
These curious little structures have never before been figured, nor re- 
ferred to, so far as I know. 

The fortunate find of these three six-inch specimens makes possible 
the first step in bridging the gap between the largest post-larva (2.76 in.) 
heretofore known and the smallest adult — a specimen 37.6 in. over all. 
What is greatly hoped for is a series of forms measuring about 12, 18, 
and 26 in. long, in which to study the development of the post-larval 
tail into that of the young adult. 

Honobabt Asboczatb 

Ambbigan Musbum op Natobal Histoby 

Nbw Yobk, N. Y. 
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EMBRYONIC GROWTH RATE AND SEX DIFFERENTIATION 
Bt Bbbt Ccmninoham 

The studies of Riddle on the metabolic rate of dove eggs in relation 
to ^ sex of the developing embryo needs to be extended through the 
examination of other animals. To that end the following experiments 
were undertaken, hen eggs being the experimental material. 

Pure single-comb white L^hom eggs were secured in part from L. G. 
Cheek, a local poultry man, and the remainder from the Champion 
Poultry Farm, near Mt. Airy. These were incubated in some experi- 
ments for 9 days, in others for 11 das^s and still others for 14 da}^. It 
was much more difficult to be certain of the sex of the embryo at the 
shorter period of incubation, but such errors were offset by the higher 
death rate at the longer period, especially in those eggs incubated under 
increased atmospheric pressure. The sex of each embryo was deter- 
mined by histological examination. 

It has already been shown that increased pressure accelerates to a 
considerable degree the rate of development duting the first 10 days of 
incubation (Cunningham, 1936). Whether this is associated with a 
higher metabolic rate may be debatable, but in this paper it is assumed 
that increased growth rate is the result of increased metabolic rate. If 
the metabolic rate is in any way responsible for the determination of 
sex then the increased rate of metabolism, as indicated by growth, 
should cause some shifting of the<«ex ratio. If the increased metabolism 
is rather the result of the difference of metabolic rate between the male 
and female soma, there should be no aberration of the normal sex ratio. 

In experiments dealing with the shifting of the sex it would be highly 
desirable to find a species in which it would be possible to predict the 
“potential" sex of an egg before it is placed under experimental con- 
ditions. 

Riddle (1916) reported such a condition to exist in his doves. Dove 
eggs, however, are difficult to secure in sufficient quantities unless a very 
large colony is maintained. Pigeon eggs, which are more easily ob- 
tained, and which also show siae difference in a clutch, were examined; 
but it was found in the ^;gQ available that neither the use nor the first 
or second egg of the clutch could be used as a criterion. The details 
of these studies on the pigeon egg will be reported later. 

314 
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Hen eggs Bfire examined to see if any correlation existed between the 
weight of the egg and the sex of the embryo. The data will be presented 
later, but suffice it to say here no relationship was to be found. 

It has been reported that a giv^ bird lays a higher percentage cS 
potential male eggs in its eaiiier laying and that as the season progresses 
the relative number of potential females increases and later exee^ the 
males. For that reason no general control may be set up; a control 
series consisting of eggs taken at the same time as the experimentals 
must be set up for each experiment. 

If there is a differential-sex metabolism one might expect as a result 
an increase in the growth rate of the embryo, with the result that em- 
bryos of one sex would be larger than those of the other sex at com- 
parable incubation times. That such differences do not occur in these 
experiments should be stated here although the data will be presented 
later. 

From such preliminary studies as those noted above it is evident that 
the sex of a hen egg can not be predicted and while the ideal conditions 
for an experiment would involve the accurate pre-determination of the 
normal sex of an egg, and an effort to produce an embryo of the opposite 
sex from this egg, that appears impossible under our present circum- 
stances. The method of approach used herein, therefore, is open to 
criticism, and the results may not be considered as conclusive. 

Since one cannot predict the sex of the embryo by the size of the hen 
egg or embryo, one has to assume that the sex ratio in the experimental 
eggs will approximate that found in the control eggs. The compara- 
tively small number of eggs involved in each experiment may in a small 
degree invalidate such an assumption, and to be significant any change 
in sex-ratio in experimental eggs would have to be considerably diver- 
gent from the control sex-ratio. However, such divergence as there is 
extends in both directions in these experiments and thus lessens the 
weight of the objection. 

It might also be argued that pressure incubation produces a dif- 
ferential death rate. While the data show ratios comparable to the 
normal, in which it has been shown there is no differential death rate, 
it is not impossible that some of the potential females are shifted to com- 
pensate for a higher death rate of the males. There seems to be no 
method for settling this point at present. 

The work is further open to criticism since in several experiments 
there is a heavy egg loss due to early death of the embryos. However, 
one experiment in which 90 per cent of the eggs resultecf in embryos in 
which the sex could be determined seems to invalidate this objection. 
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ISieptmcedaieintJieMflspaiiBentBhaabeaitoixiAtch, by«^i||^t|tiie 
«q[>eriaimtiil md oomtxtd ^sgs and after ineabation to use the sex ratto 
of toe control aa a baiu for detennioing odietfaer or not the eo- 
tooed growth rate haa any effect upon the sex ratio of the e:^iimeffi.tal 
qcp as compared to the controls. Studies were made, on both ccmtrol 
and expezimental, to determine whether there was any relation between 
toe miginal weight of toe mg and the sex of the embryo, or between toe 
And sex of toe embryo. Studies were not made on yolk cdse and 
sex but they will be undertaken as soon as eggs become available again. 

five separate experiments, involving 367 embryos, the sex of 346 of 
whito was determined, were conducted. 

TABLE I 

DittrUnUion of Malo and Fetnale Smbryoo in Relation to Egg Weight 
Nonnal Pressure 
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TABLE II 

Originai Egg Weight and Sex 
Pressure IncubAtion 
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In his doves. Riddle (1930) foimd the first laid egg of a clutch to be 
smaller than the second, and it usutdly developed into a male; the second 
developed usually into a female. Such a condition might suggest that 
toe smaller hen eggs might produce an excess of males and the larger 
ones an excess of females. While it was not feasible to collect eggs 
from a tingle hen, ^^s taken at random from a large poultry farm should 
give a fair sample. When such are weighed, placed under normal 
incubation and the sex of the embryo determined ^stologically there is 
no evident relation between the weight of the egg and the sex of the em- 
bryo, except in the extremely small e|^. (See Table I.) 

NoU: la the preparation of Tables 1 and II, p^pendicular lines have 
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bem drawn thd|ugh unit weights. The number of mbryos repnsmit 
tiUMe that fall betweoi the weight indicated at the left and un^r the 
weif^t detignAl^ nt the right. For example, the seven male embryos 
of Table I wd^ed 68 grams or more, but less than 69. Those to the 
left of 56 grams, weighed lees than this, but were too widely distributed 
to be furthw s^Murated. 

When the sex of '‘pressure” embryos is studied in relation to the 
oriipnal wdght of the egg the distribution appears to be comparable to 
that of the normal development. Table II should be compared with 
Table I. 


TABLE III 

Average WeigMs of Male and Female Embryoe at Varioue Stages of 
Normal Incubation 



ft DATS 

11 DATS 

Av. Wt, of eggB 

58.28 

58.9 

Av. Wt. of embryos 

2.33 

3.60 

Av. Wt. of embryos 9 

2.355 

3.81 

Av. Wt. of embryos cfdk 9 

2.34 

3.68 



TABLE IV 

Average Weights of Male and Female Embryos at Various Stages of 
Pressure Incubation 



ft DATS 

11 DATS 

14 DATS 

Av. Wt. of eggs 

68.6 

50.7 

66.2 

Av. Wt. of embryos cT 

3.00 

6.084 

12.4 

Av. Wt. of embryos 9 

3.06 


12.3 

Av. Wt. of embryos (f A 9 

3.04 

■sal 

12.34 


Although the growth rate of these embryos has been accelerated by 
more than 40 per cent during the period of sexual differentiation there 
is no evidence that the potential sex has been overridden in any signifi- 
cant manner by the increased metabolism. 

Studies on the relation of the weight d embryos to sex were also 
made. Under normal incubation the ^fferences in weights bf male and 
female embryos do not i^pear to be significant. (See Table III.) 

While there is considerable increase in the ^wth rate of ^tiie embryos 
under pressure, the diflmential \>etween the nudes and females is not 
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flipiifioaBtly diffttent, bdag weU within the limits of probaUe experi- 
mental error. (See Table IV.)' 

Since the season in vriuoh the eggs were laid m%ht have some bearing 
on the sex ratio, several experiments have been brought together in one 
table. (See Table V.) 

When the ratios of pressure and controls are examined there is com- 
paratively^ little difference, certainly under the conditions of the experi- 
ment this is not significant. 

Preliminary studies on pigeon eggs indicate that similar results are to 
be expected. 

From these data it is quite evident that no material change has been 
made in the sex ratio by the increased atmospheric pressure. 


TABLE V 


OATS UR 

oommox 

Ko. or 

XOCM 

IMDUBAnOX 

rSBlOD 

xo. or 

IM- 

BXTOA 

MAUD 

rXMAUD 

UXOB- 

TXB- 

MIXXO 

Feb. 28 

Control 

38 

14 days 

33 

17 

16 

None 

Feb. 28 

Pressure 

58 

14 days 

25 

14 

11 

None 

Apr. 1 

Control 

56 

14 days 

50 

21 

29 

None 

Apr. 1 

Pressure 

68 

14 days 

48 


28 

None 

Apr. 7 

Control 


9 days 

38 

21 

16 

1 

Apr. 7 

Pressure 

43 

9 days 


17 

17 

None 

Apr. 13 

Control 

64 

9 days 


14 

14 

10 

Apr. 13 

Pressure 

54 

9 disys 


15 

15 

8 

Apr. 22 

Control 

32 

11 days 


19 

13 

None 

Apr* 22 

Pressure 


11 days 


14 

14 

3 

Total 

483 

. 


367 

172 

173 

mm 


If the sise of the embryo is any indication of the metabolic rate, then 
sex differentiation cannot be attributed to metabolic rate since there is 
no correlation between the size of the embryo and its sex either in con- 
trol or experimental animals. 

If we assume that tbs increased growth rate brought about by in- 
creased atmospheric pressure is accompanied by a higher metabolic 
rate, then it must be concluded that there is no relationship between the 
metabolic ratq and sex^etermination in the single-comb white Leghorn 
fowl. ■ ..V 

While lirige results represent negative evidence thrir publication 
seems jostp^ ance IUddle*(i930) says, “Wherever a relation between 
metaboliap'and sex has been adequately sought, it has been found — 
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and the same tyj||e of metabolic difference everywhere coincides with one 
and the same type of sex difference.'^ 

Dopabthent of ZoolooTi 
Dtob UmvaasiTY, 

Durham, N. C. 
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EXTENDED RANGES OF SOME AQUATIC INSECTS IN NORTH 

CAROLINA^ 

Bt ThbuiIa Howbll 

During the summers of 1938 and 1939 the writer odlected larval and 
adult forms of aquatic insects from ninety-seven stations located in 
Macon, Jackson, Swain, Haywood and Trcmsylvania counties. When 
the species obtained were listed and compared with the records from 
North Carolina as reported by Brimley (1938), new records for the 
state were noted. It is the purpose of this paper to report those species 
new to the state and to indicate new ranges and seasonal records for 
others. Specimens of the species mentioned are deposited at Duke 
University unless otherwise noted. 

Dr. A. S. Pearse is responsible for the writer’s interest in the aquatic 
fauna of rapidly flowing streams. In a large measure, his aid and 
critidsms have made possible the work reported here. Grateful ac- 
knowledgment is also made of the help and many courtesies extended the 
writer by President W. C. Coker of the Highlands Museum and Biologi- 
cd Laboratory. The writer wishes to ackhowledge the help which the 
following specialists have g^ven in the identification of specimens: 
Odonata, J. G. Needham; Tricoptera, H. H. Ross; Plecoptera, T. H. 
Prison. 


STATIONS STUDIED 

The stations worked included small spring brooks, but for the most 
part they were located on the following larger bodies of water: 

Macon County: Ball Creek, Beasley Creek, Big Creek, Buck 
Creek, Buckeye Branch, Burning Town Creek, Caler Fork 
Creek, Choga Creek, Clear Creek, Cold Spring Creek, CuUa- 
saja River, Dirty John Creek, Edwards C^IL Jarrett Creek, 
Kune’s La^, Lake Randall, Lake Ravenel, Lake Sequoyah, 
Matlock Creek, Nantafaala River, Otter Creek, Overflow 

* The workreported here wa| done while holding the Duke University scholar- 
ship at the dkm T. Weyman Memorial Laboratory, Hi^ands, N. C., in IMS, 
md while pring the Duke University space there in 198B. 

820 



321 


i^} Exxbnps]) Rakobs OS' Some Aquatic Insects 

CiEsk, ffciope Creel^ Skittles Creek, Tessentee Creek, Wayah 
Crsel^ White Oidc Creek, Wine Spring Creek. 

Jsekson County: Chattooga River, Cuuowhee Creek, Fowler 
Creek, Green’s Creek, ^eh Hampton Lake, Knob Creek, 
Lake Sapphire, Norton Mill Creek, v^te Rook Creek, Slicken 

TABLE 1 


Phytieal Factort in Watera Ifear Highlands, N. C. 




ma 

*. *0. 

I 

pH 

Oioe. 

•VAfXOM AMD DATM 

tma 



raa 

„ , , .,._i 


Air 

Water 

UTSB 

May 24, 1939 





1 

Small pond, Highlands, N. C. 

12:26 P.M. 

24.5 

15.5 

5.8 

1 4.21 

May 26, 1989 

Large stream. Primeval Forest 
June 6, 1989 



17 

6.2 

5.89 

I 

Spring brook. Highlands, 
N. C. 

June 18, 1939 

East Fork Tuokasec^e River 


24 

16 

6.2 

1 


26.5 

19 

6.8 

6.23 

June 20, 1939 






Lake Randall 

12:46 P.M. 

25 

23 

6.6 

5.22 

Big Creek, above Lake Randall 
June 22, 1939 

2:00 P.M. 

25 

19 

7.0 

5.76 

Cullasaja River ht Gneiss 


31 

21.5 



CuUasaja River at Gold Mine 


24.5 

22.5 



Cr, 






July 10, 1939 






Bradley Fork, Great Smoky 

2:16 P.M. 

26 

17 

6.8 


Mt. Nat. Park 






July 11, 1939 






Deep Cr., Great Smoky Mt. 
Nat. Park 

July 12, 1989 

High Hampton Lake, Cash- 

11:00 P.M. 

31 

19.5 

7.4 


10:46 A.M. 

25.5 

23.5 

6.4 

4.93 

iers, N. C. 

1:40 P.M. 

29 

26 


5.20 


3:50 P.M. 

30 

26 


5.24 

• 

6:00 P.M. 

29.5 

26.5 


5.54 

July ao, 1939 






W. Fork Tuckaseegee River 

11:46 A.M. 

27.5 

19.5 

7.2 

5.64 


Creek, Soco Creek, Teimessee Creek, Tuckaseegee River (East 
and West Forks). 

Swwn County: Bradley Fork, Deep Creek, Forney Creek, Basel 
Credc, Indian Cre^ Ooontdufiy River. 

Transylvania County: Toxaiirsy Falls and Toa»way River. 
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RHTBICAL factors 

Surface temperatiires of the waters ranged from 15°C-26°C, pH 
5.8-7.4, and oxygen in cubic centimeters per liter 3.58-6.30. Samples 
of the data obtamed are shown in Table 1. 

ORDER ODONATA, The Dragon-flies 
Sub-order ANISOPTERA, The Dragon-flies proper 
Fanuly AESCHNIDAE 
Sub-famUy PETALURINAE 

Tachopteryx tiioreyi Hagen 

Macon County: Aug. 11, 1939, adult, Ammons Picnic Ground, 
Nantahala National Forest. 

Remarks: Previously reported only from Wake and Wilkes counties 
(Brimley, 1938). 

Sub-family GOMPHINAE 
Lanthtis aXbistylus Hagen 

Macon County: May 30, 1939, nymphs. Junction Ball and Shope 
Creeks. 

Jackson Coimty: 1939-June 13, nymphs, West Fork Tuckaseegce 
River; June 16, adult female. West Fork Tuckaseegce River; 
July 6, n 3 rmphs, Tennessee Creek; July 12, nymphs, tribu- 
tary of High Hampton Lake. 

Remarks: Additional records for njunphe and specific locality for 
adult recorded. 


FamUy LIBELLULIDAE 
Sub-family CORDULINAE 

Neurocordulia sp.7 

Macon County: May 21, 1939, nymph. Lake Ravenel, Highlands. 
Jackson County: June 28, 1939, nymph, Norton Mill Creek. 
Remarks: Genus recorded for state only once (Brimley, 1938). 

Tetragoneuria cynosura Say 

Macon County: May 29, 1939, adult. Lake Ravenel, Highlands. 
Jackson County: June 2, 1939, adult. High Hampton Lake, 
Cashiers. 

Remarks: Range greatly extended and new seasonal record for 
mountain region given. 

Sub-family LIBELLULINAE 

Libdhda auripennia Burm. 

Macon County: July 1939, adult, Highlands. 

Remarks: Previous record for westward limit Raleigh (Brimley, 
1938). 

LibelMa cyanea Fab. 

Jackscm County: July 12, 1939, adult, High Hampton Lake, 
Cashiers. 
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Remarks: Pre^^us record for westward limit, Marion ([Brimley, 
1838), Specimen deposited in Cornell University Collection. 

IMdkHa inceda Hagen 

Jackson County: July 12, 1939, adult. Lake Hi^ Hampton, 
Cashiers. 

Macon County: July 24, 1939, adult, Lake Raven^ Highlands. 
Remarks: Westward range extended from Raleigh (Brinuey, 1938) 
to Highlands. 

Erytiurodiplax minuac/ula Rambur 

Macon County: July 1939, adult. Highlands. 

Remarks: Previous record for westward limit, Marion (Brimley, 
1938). 

Sub-order ZYGOPTERA, The Damsel-flies 
Fanuly COENAGRIONIDAE 

Endllagma hageni Walsh 

Jackson County: Jime 2, 1939, adult. High Hampton Lake, 
Cashiers. 

Remarks: Only other record for state from Highlands (Brimley, 
1938). 

Amphiagrion aaudum Burm. 

Macon County: May 29, 1939, adult, Lake Ravenel, Hwhlands. 
Jackson Coun^: June 8, 1939, adult. Lake Sapphire, Cashiers. 
Remarks: Additk>nal records for mountain region. 

Chromagrion conditum Hagen 

Macon County: May 20, 1939, adult. Lake Ravenel, Highlands. 
Remarks: Extension of seasonal range for Highlands from June to 
May. 

lachnura verticalis Say 

Macon County: May 24, 1939, nymph and adult, Lake Sequoyah, 
Highlands. 

Remarks: Extension of seasonal range for Highlands area from July, 
to May. 

ORDER PLECOPTERA, The Stone-flies 
Family PTERONARCIDAE 

Pteronarcys proteua Newman 

Macon County: 1938 — ^June 3 and Aug. 24, nymphs. Big Creek; 
Aug. 16, nymphs, Wayah Creek; Aug. 26, nymi^, Edwards 
Creek. 1939 — May nymphs, Junction Ball rmd Shope 

Creeks; June 20, nymphs. Big Creek. 

Jackson County: 1^8 — ^Aug. 10, nymphs, Norton Mill Creek; 
Aug. 11, nymphs, Cullowhee Creek; Aug. 19, nymphs, Fowler 
Creek; Aug. 28, nymphs, Chattooga River. 193^May 29, 
adult male, headwaters Whitewater River; June 13, nymph. 
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East Fork Tuckaaeegee Biver; June 14, nympb, Slioken Creek; 
June 18, nymph, Tuckaaeegee Biver. 

Bemarks: New record for state. Adult male, headwaters White- 
vnter River, deposited in Illinois Natural History Survey Col- 
lection. 

Family PERLIDAE 

Perla hasteUa (Banks) 

Macon County: Aug. 26, 1938, nymphs, Edwards Creek. 

Jackson County: Aug. 28, 1938, nymphs, Chattooga River. 
1939 — March 20, nymphs, Fowler Creek; March 21, nymphs, 
Norton MiU Creek; June 2, nymphs, waterfall on U. S. 
Highway #64. 

Remarks: Additional records for state. 

Perh, hilobata Needham and Claassen 

Macon County: 1939 — May 30, nymph, Nantahala River; June 
30, nymph, Big Creek. 

Remarks: New range. Only other record. Black Mountain (Brim- 
ley, 1938). 

Neophasganophora capitata (Pictet) 

Macon County: May 30, 1939, nsrmph, Nantahala River, 

Jackson Coimty: June 13, 1939, nymph. East Fork Tuckaseegee 
River. 

Remarks: Specific locations in North Carolina not given by Brimley 
(1938) nor by Needham and Claassen (1925). 

Togoperla immarginata (Say) 

Macon County: 1938 — June 3 and Aug. 24, nymph. Big Creek; 
Aug. 15, nymphs, Wayah Creek. 1939 — May 30, nymphs. 
Junction Ball and Shope Creeks; June 22, nymphs, Cullasaja 
River; June 24, nymphs. Lower Cullasaja River Goi^e. 
Jackson County: 1938 — ^Aug. 11, nymphs, Cullowhee Creek; 
Aug. 21, nymphs, Soco Creek; Aug. 28, nymphs, Chattooga 
River. 1939— June 18, nymphs, Tuckaseegee River, 
Transylvania County: June 4, 1939, nymphs, Toxaway Falls 
and Toxaway River. 

Bemarks: Westward range greatly extended, 

Alloperla lateralia Banks 

Macon County: May 24, 1939, adult female. Highlands, 
Remarks: Only previously reported from type locality, Black 
Mountain (Brimley, 19^). 

Neoperla clymene (Newman) 

Macon Coual^: June 24, 1939, nymphs. Lower Cullasaja Biver 
Qor&. 

Remarks*, nevious record for state. Black Mountain (Brimley, 
1936). 



1639] Extended Ranges op Some Aquatic Insects 


325 


Perleata flaeida (Hagen) 

Macon County: 1939 — ^June 22, nymphs, Cullasaja River, Skittles 
Creek; June 24, nymphs. Lower Cullasaja River Gorge. 
Jackson County: IMS — ^Aug. 3, 10, 14, 19, nymphs, Norton Mill 
Creek; Aug. 11, nymphs, Cullowhee Creek; Aug. 19, nymphs, 
Fowler Creek. 

Transylvania County: June 4, 1939, nymphs, Toxaway Falls. 
Remarks: Not previously reported west of Southern Pines (Brimley, 
1938). 


Family NEMOURIDAE 


Nemoura venoaa Banks 

Hasrwood County: June 18, 1939, adult male, small stream behind 
Morrison Fish Hatchery. 

Remarks: Previously reported fram Raleigh (Brimley, 1938). 

Nemoura wui Claassen 

Macon County: May 26, 1939, adult male, adult female, two 
nymphs, stream in Primeval Forest, Highlands. 

Remarks: New record for state. 

Leuctra carolinenms Claassen 

Ha3rwood County: June 18, 1939, adult male, small stream behind 
Morrison Fish Hatchery. 

Remarks: PrevaMisly reported from type locality, Black Mountain 

(Brimley, 1938). Specimen deposited in Illinois Natural History 

Survey Collection. 

Leuctra biloba Claassen 

Jackson County: June 4, 1939, adult male, Norton Mill Creek. 

Remarks: New record for state. Specimen deposited in Illinois 

Natural History Survey Collection. 

ORDER TRICOPTERA, The Caddis ffies 
Family RHYACOPHILIDAE 

Rhyacophila fuscula Walker 

Macon County; 1938 — June 3, larvae and adult female. Big Creek; 
Aug. 24, pupae. Big Creek; Aug. 25, pupa, OveAow Creek. 
1939— May 30, larvae. Junction Ball and Shope Creeks, 
Jarrett Creek, Nantahala River; June 20, larvae and pupa. 
Big Creek; June 27, larvae. Cold Spring, Otter and Choga 
Creeks; July 5, larvae, Tessentee Creek; July 26, larvae and 
pupae, Beasley and Matlock Creeks; July 27, adult male. 
Highlands Falls; July 28, pupae, Big Buck Creek. 

Jackson County: 1939 — ^June 2, larvae, waterfall on U. S. Hi|^way 
#64; June 13, larvae. East Fork Tuckaseegee River; July 6, 
pupa, Tennessee Creek. 
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Swam County (Great Smolgr Mountains National Park) 1930 — 
July 2, liuTM, Oconalufty Eiver; July 11, larvae, Deep Creek; 
Aug. 13, pupa, Forney C^eek. 

Remarks: Range intended to Macon and Jackson counties. 

RhyacophUa nigrita Banks 

Macon County: May 29, 1938, pui>a, tributary of Cullasaja River. 

Remarks: Specimen deposited in Illinois Natural Histoiy Survey 
Collection. Only ty^ locality, Black Mountain, previously re- 
ported (Biimley, 1^). 

Myvtrophora nigrior (Banks) 

Macon County: 1939 — ^May 30, pupae, Nantahala River; June 22, 
' larvae and pupw, Cullasaja River; June 24, larvae and pupae, 
Lower Cullasaja River; June 27, larvae. Wine Spring Creek; 
June 27, larvae and pupae, Otter and Choga Creeks; July 5, 
larva. Buckeye Branch; July 26, larvae, Caler Fork, Beasley 
and Matlock Creeks; July 28, larvae, Big Buck Creek. 

Jackson County: 1939 — ^June 13, pupae, East Fork Tuckaseegee 
River; June 14, pupae, Shcken Creek; June 18, larvae and 
pupae, Tuckasee^ River; July 6, larvae and pupae, Tennes- 
see Creek; Aug. 10, larvae, Norton Mill Creek. 

Haywood County: June 18, 1939, larva, small branch at Morrison 
Fish Hatchery. 

Swain County (Great Smoky Mountains National Park) 1939 — 
July 11, larva, Indian Creek; July 11, pupa, Deep Creek; Aug. 
10, larvae and pupae, Forney Creek; Aug. 10, larvae and 
pupae. Deep Creek. 

Remarks: Not previously reported for Macon, Jackson and Ha}rwood 
counties. 


FamUy PHILOPOTAMIDAE 
Philopotiamus distinctus Walker 

Macon County: 1939— May 30, larvae, Junction Ball and Shope 
Creeks; June 22, larvae. Skittles Creek; Jime 27, larvae. White 
Oak Creek, Nantahala River; July 26, larvae. Burning Town 
Creek; July 2& larvae. Big Buck Creek. 

Jackson Coimty: June 14, 1939, larvae, Slicken Creek; July 6, 
1939, larvae, Tennessee Creek. 

Haywood County: June 18, 1939, pupa, branch at Morrison Fish 
Hatchery. 

Tra^lvania County: Jime 5, 1939, pupa, Toxaway River. 

Swain County (Great Smoky Mountains National Park) July 2, 
1939, la^ae and pupae, Oconalufty River; Aug. 13, 1930, 
larva, F(H3iey Creek. 

Remarks: Range extended to Macon, Jackson, Haywood, and 
Transylvania counties. 
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Family HYDROP8YCHIDAE 
Difiedrona mode«ta Banks 

Macon County: 1938 — May 28, larvae, CuUasaja River; June 1, 3, 
larvae. Big Creek. 1939— May 30, larvae. Junction Ball and 
Shope Creeks, Dirty John Creek; May 30, larvae and pupae, 
Jarrett Creek and Nantahala River; June 20, larvae. Big Creek; 
June 22, pupae, Cullasaja River; June 22, larvae, Skittles 
Creek; June 23, larvae, IQine’s Lake; June 27, larvae. Cold 
Spring and White Oak Creeks; June 27, pupa. Otter Creek; 
June 27, nymph and pupa, Choga Creek; July 28, larvae, 
Big Buck Creek. 

Jackson County: 1939 — ^June 14, larva, Slicken Creek; July 12, 
larvae, tributary of High Hampton Lake ; July 20, larvae, Knob 
Creek. 

Swain County (Great Smoky Mountains National Park) July 11, 
1939, larva, Indian Creek; Aug. 13, 1939, larvae, Forney 
Creek. 

Remarks: Only previous record for state from Raleigh (Brimley, 

1938). 

Hydroptyche shaaonae Banks 

Macon County: 1938 — ^June 3, larvae. Big Creek. 1939 — May 30, 
larvae, Junction Ball and Shope Creeks, Jarrett Creek, 
Nantahala River; May 30, pupae. Junction Ball and Shope 
Creeks; Jxme 24, pupae. Lower CuUasaja River; June 27, 
larvae, T^ite Oak Creek. 

Remarks: Previously reported only from Swannanoa (Brimley, 

1938), 

Hydropayche mama Ross 

Jac^n Coimty: Aug. 28, 1938, pupa, Chattooga River. 

Remarks: New record for state. Specimen deposited in Illinois 

Natural History Survey Collection. 

FamUy ARCTOPSYCHIDAE 
Parapayche cardia Ross 

Macon County: 1939 — May 30, larvae, Nantahala River. 

Jackson County: 1939 — ^June 2, larvae, small waterfall on U. S. 
Highway #64. 

Swain County (Great Smoky Mountains National Park): 1939 — 
July 10, larvae, Bradley Fork; Aug. 13, larva, Forney Creek. 

Remarks: Reported only from Smokemont, type locality .(Brimley, 

1938). Range extended to Macon and Jackson counties. 

FamUy CALAMOCERATIDAE 
Hetenmledron gameta Ross 

Macon County: 1939 — May 26, larva, small stream in Primeval 
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Forest, l^lilands; June 27, lurae, CSioga Creek and Nan* 
tahala Biver; July 28, larva, Big Buck Creek. 

Jackson County: June 4, 1939, larva, Norton Mill Creek. 
Bemarks: New record for state. 

Family LEPTOCERIDAE 

Atkriptodes ancyhis Vorhies 

Swain County (Great Smoky Mountains National Park) : Aug. 16, 
1939, larva. Deep Creek. 

Remarks: New to state. 

Family LIMNEPHILIDAE 

Sienophylax sonao Milne 

Jackson County: 1938 — ^Aug. 17, pupae, Green’s Creek; Aug. 19, 
larvae and pupae, Fowler Creek. 

Remarks: New record for state. 

Stenophylax lucentuhis Betten 

Macon County: 1938 — June 1, 3, larvae. Big Creek; Aug. 24, pupa. 
Big Creek. 

Remarks: New record for state. 

Sienophylax acabripennia Rambur 

Jackson County: 1938 — ^Aug. 19, larvae and pupae, Fowler Creek; 
Aug. 27, adult female, Norton Mill Creek. 

Remarks: Reported from Linville as Pycnopayche acabripennia Ram- 
bur (Brimley, 1938). Specimens deposited in Illinois Natural 
History Survey Collection. 

FamUy SERICOSTOMATIDAE 

Lepidoatoma sp? 

Swain County (Great Smoky Mountains National Park): Aug. 
13, 1939, pupae, Forney Creek. 

Remarks: Genus new to state. 

Dbpahthbnt op Bioloot, 

Wbsletan Collbob, 

Macon, Gboboia. 
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THE (X)NSORTES OF CERTAIN NORTH CAROLINA BLATTIDS 
By Elizabeth Hatcher 

INTRODUCTION 

Since Hammerschmidt published the first description of an intestinal 
nematode from BlaUa orierUalis linn, in 1838, roaches have been found 
to harbor a number of consortes on which a great deal of work has been 
done. The nematode inhabitants of the alimentary canal of the blat- 
tids have been well summarized and described by Chitwood (1932). 
Various papers have been published on the protozoa of common roaches, 
particularly by Kudo (1926, 1926a, 1936), Kudo and Meglitsch (1938), 
Meglitsch (1938), and Morris (1935). Cleveland and others (1934) 
have thoroughly investigated the protozoa of the wood-digesting roach, 
CryptocerciLS punctulatua Scudder, and shown that these protozoa are 
.symbiotic. Mercier (1908) and Hollande et Favre (1931) investigated 
the bacteria of the body fat of roaches, but no work has been done, as 
far as could be discovered, on the bacteria of the fecal matter of common 
roaches, or on the intestinal bacteria of the wood-digesting roaches. 

A study of the animals associated with North Carolina blattids 
originally began as a comparison of the parasites of two species, the 
house cockroach, Penplaneta amencana Linn , and the wood roach, 
ParcoblaMa uhleriana (Saussure) ^ith the possibility in mind of working 
also on bacteria of feces. Later, a number of the wood-feeding roach, 
Cryptocercus pundulatus, were obtained for examination. Inasmuch as 
the protozoa of the gut of this roach are known to be symbiotic, and the 
exact status of the inhabitants of the other two species was not deter- 
mined, it seemed advisable to use in the title the term consortes (sing., 
consors)^ as suggested by Pearse (1939) as a general name for “all types 
of association, whether injurious, beneficial, or neutral 

Determination of bacteria from fecal matter of P, amertcana seemed 
to be a problem of practical as well as scientific interest, and investiga- 
tion of the bacteria of the intestinal contents of C. punctuUUus also 
seemed a worthy project, but although bacterial cultures were made and 
a few species were obtained and identified, lack of time prevented a 
tabulation of infections of a satisfactory number of specimens. 

329 
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The cockroaches used were collected from the Biology Building of 
Duke Univeifdty, from a junk room in the basement and a cabinet in an 
office on the fir^ floor, They were kept in a battery jar with a wire 
cover and fed bits of bread, but for the most part were examined within 
a few days after capture. Ibe parcoblattids were found under the bark 
of decaying lop in the Duke Forest, and lived nicely in glass jars with 
soil and bark. The specimens of C. punUulatus were brought from 
western North Carolina (near Waynesville) where they occur in large 
numbers under bark of lop. They lived in a battery jar containing 
soil and bark from the place they were collected. 

I wish to express my deep appreciation to Professor A. S. Pearse, 
who suggested the problem and directed the investigations. I am also 
indebted to Professor F. A. Wolf for directing the bacteriological work, 
and to all those members of the Zoology Department staff who offered 
helpful sug^tions and were of aid in many ways. 

OBSERVATIONS 

Fifteen individuals of each of three species of roaches were examined, 
with the following numbers infested: PeripUmeta americana, 11 (73%); 
Parcoblatta vMeriam, 8 (53%); and Cryptocereus punctvlaltis 15 (100%). 
Four specimens of P. americana were examined which for one reason or 
another could not be included in the foregoing summary, but which 
contained certain consortes that did not occur in any of the other 
roaches studied. These were Leidynema appendwidata (Leidy), a 
common nematode in this roach, which occurred at least twice, and 
Lophomonaa blaUarutn (Stein), a flagellate. It is also true that, since 
these four were all parasitized, the percentage of infested roaches would 
be raised to about 79% if they were included. 

The number of individuals of Periplaneta americana infested with 
various consortes was as follows: Nyctotherus ovalis, 6 (40%; number, 
10-274; averap, 31.3); HammerschmuUieUa diesingi, 8 (58%; no., 1-4; 
ave., 0.93); Tehetoma hvXhoesi, 3 (20%; no., 1-15; ave., 1.2); Telastoma 
larvae, 1 (6.5%; no., 1; ave. 0.06). The number of roaches which con- 
tained Telastoma and Nyctotherus was 2 (13%); Hammerschmidtiella 
and Nyctotherus, 1 (6.5%); and those with the protozoan and both 
nemat^es, 2 (13%). 

In fifteen ParcMaJUa vMeriana three species of nematodes were 
found. ProtereHUna aurifluua in 4 individuals (26%; no., 1-3; ave., 0.3) ; 
immature nematodes in l>bdy cavity in 4 (26%; no., 40-183; ave., 20) 
and in intestine of 2 (13%; no., 1-2; ave., 0.2); ProterelUna larvae in one 
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roach (6.5%). Hypopi of mites were found in two individuals (13%; 
no., 1-2; ave., 0.2). 

In Cryptocercus punctidatiia seven genera of flagellates were observed 
in the number of individuals indicated: Saccinobaculus, 15 (100%); 
Trichonympha, 14 (93%); Monocercommoides, 14 (93%);Hexamita, IS 
(87%); Barbulonympha, 13 (87%); Eucomon]unpha, 12 (80%); Pro- 
lophomonas, 6 (40%); and Urinjrmpha, 3 (20%). 

All the consortes reported in the three species of blattids occurred in 
the colon, with the exception of external mites and the nematode larvae 
which were found in the body cavity of Parcoblatta. These larvae 
were of unusual interest. Specimens sent to Dr. B. G. Chitwood were 
identified as free-living species, a rhabditid and probably an aphsa- 
midian, and Dr. Chitwood suggested that they may have come, not from 
the body cavity but from the body surface, gut, or water used in ex- 
amination. The writer feels sure that they have been reported cor- 
rectly, however, for when found the minute larvae were in every case 
hanging tightly on to the body fat and to the inside of the plates of exo- 
skeleton, never to the outside. They were always found thus while the 
gut was still intact. Perhaps they may have entered through the tra- 
cheal tubes from their usual habitat in the soil. Those found in the 
digestive tract musi< have been ingested with food, or it is possible that 
they were Proterellina larvae, as they were not identified separately. 
It is possible also that the mites identified by Dr. A. S. Pearse as hypopi, 
also entered through the tracheal tubes. These too were found deeply 
embedded in the body fat. 

The protozoa of Cryptocercus were identified from the work of Cleve- 
land (1934). All the genera he reports from roaches from the mountains 
of the eastern United States were found, with the exception of Idionym- 
pha and Leptospironympha. An interesting variation was found in the 
percentages of each protozoan present in different animals. No attempt 
was made to estimate percentage of each separate species, but only of 
genera, although there was a decided variation in species also. In one 
roach, there were only a few Trichonympha other than T. parva Cleve- 
land, which occurred in large numbers. Generally T. lata Cleveland 
was most abundant. There were a number which contained no Sac- 
cinobaeultis doroaxostylm Cleveland at all, while it is doubtful if any 
lacked 8. minor Cleveland. This tiny squirming form seemed to domi- 
nate neariy every preparation. The total lack, in one roach, of any spe- 
cies that resembled Trichonympha and Barbulonsrmpha is different 
from the observations of Cleveland, who reported these present in every 
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8pecmien. Close examination of this preparation, however, failed to 
i^ow any but the wormy Saccinobaculus of all assorted sixes and shapes, 
a few round, twisting Af. ghhvs Cleveland, and trembling little 
Hexamita. 

All the bacteria found could not be identified in the time available, 
but a few were made fairly certain: Micracoccu^ parvtdus (Veillon and 
Zuber), Bacillus albolactis Migula, and Acromobacter hyalinum (Jordan) 
from the fecal matter of Periplaneta, and BaciUus subtilis C3ohn from 
Ciyptocercus. The first mentioned occurs in the oral cavity, but it 
seems reasonable that it may have been picked up in a '‘junkroom^' 
where men working about the building frequently enter and doubtless 
spit on the floor. The next two occur in soil and water respectively, 
and thus might be found almost anywhere. B. siAtilis is a common 
inhabitant of soil and would be expected in a wood-feeding animal. 
Two more species from Cryptocercus could not be identified, and there 
was not time to make tests for their cellulose-digesting ability. 

DISCUSSION 

Except for the mites and larval nematodes, all species found have been 
reported in roaches before (Chitwood 1932, Cleveland 1934, Dobrovolny 
and Achert 1934, Leidy 1850). It is of interest that not a single consors 
was found associated with more than one of the three different species of 
roaches. This may no doubt be correlated with wide differences in 
habitats and types of food. Periplaneta is essentially a house roach and 
feeds on almost anything available; probably the chief food of those used 
in this study was soiled paper and general debris, as well as the bodies 
of other roaches and feces. Parcoblatta, though living in old logs, feeds 
not on wood but on larvae of other insects, as well as living and decaying 
vegetable matter (Blatchly 1920). Cryptocercus finds its nourishment 
in the wood which it consumes as it burrows through the decaying tree- 
trunks. If similarity of consortes is indication of close relationship, 
these three species are surely separated by a wide gap. Cleveland sug- 
gests that in view of the protozoa of Cryptocercus and termites, which 
belong to the same families, either roaches and termites spring from a 
common ancestor, or else termites are descended from roaches. The 
present study does not indicate any such relationship. Only one of 
the roaches shows any similarity of consortes to another, and those 
of the third are entirely different. 

While Cryptocercus appears to be most highly infested of the three 
species, it will be remembered that its protozoa are entirely symbiotic, 
while the inhabitants of the other two species are of questionable status. 
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The roaches seemed without exception to be in good health; they were 
certainly active, and Dobrovolny and Ackert (1934) report no harm 
observed in the lining of the gut of roaches heavily infested by oxyurids* 
It is true that the largest roach examined (40 mm.) contained no con- 
sortes, and the average length of the four uninfested was 37 mm., where- 
as the average length of the 1 1 which were infested was 34.7. '5^ether 
or not this can be significant with so small a number (15) seems doubt- 
ful, although the average difference in length is as much as 2.3 mm. 
The size of Parcoblattas examined was probably not significant, as all 
examined were immature and wingless. 

Perhaps a very useful study might be made on the bacteria of the fecal 
matter of the common cockroach. Young (1937) has discussed the 
roach as a carrier of Giardia cysts, and it may as well often deposit 
bacteria which are harmful. Such an investigation would require a 
prolonged study. Duncan (1926) demonstrates the presence of a 
bactericidal principle resembling a weak antiseptic in the alimentary 
canal of some insects. This if present in roaches would of course 
limit the number of bacteria. 

Though very little seems to have been done on the bacteria of Cryp- 
tocercus, Cleveland reports that there is no evidence that they aid the 
protozoa in the digestion of cellulose, since they are not harmed by 
methods which remove protozoa, and the roaches do not live after such 
treatments; he also states that ccllulase is formed only in the protozoa. 
It appears, however, that these bacteria may well bear further investi- 
gation. 


SUMMARY 

1. The consortes of 15 specimens each of three species of blattids 
(Periplaneta amertcana^ Parcoblatta uhlenana and Cryptoccrcus punctu- 
IoLub) from North Carolina were studied. A few bacterial cultures 
were made from fecal matter of Periplaneta and of intestinal contents 
of Cryptocercus. 

2. No censors was found associated with more than one of the three 
species of roaches studied. Periplaneta harbors a protozoan, Nycto- 
therua ovalta Leidy, in large numbers, and two oxyurids,£rammerscAwMtt- 
ieUa dieaingi (Hammerschmidt) and TelaaUma bulhoesi (Magalhoes). 
Leidynema appendiculaUiy another oxyurid, and Lophomonaa blattarumy 
a flagellate, were also observed. Parcoblatta harbors Protrellina aurif- 
luua in the colon, and nematode larvae and mites occur in the body 
fat, perhaps having gained entrance through the tracheal tubes. ESght 
of the ten genera of symbiotic protozoa which have been reported as 
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ftttoting in OryptoceFcue were found* Of these Saccinobaoulus was 
by far the most ^undent. 

3. Mierococcua partnduaf BaciUtia (dbolacHs, and At^omo^ackr 
hyaUnum were foimd in the fecal matter of Periplaneta* B, Bubtilia 
and at least two species of bacteria which were not identified occur in 
the colon of Cryptocercus. 

ZOOZOOT DaPASTMlKTi 
Dtm Ukxvxbsztt, 

DtraiiAX, N. C. 
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NEW CRUSTACEAN RECORDS FOR THE CAROTINAS AND 

FLORIDA 

By G. Robebt Ltjnz, Jb. 

In the past few yean four species of macruran, two anomuran, and 
four brachyuran Crustacea have been added to the collection of The 
Charleston Museum from localities outside the range commonly reported 
for these species, or from localities within the range of distribution but 
not definitely known to be frequented by the species. 

MACRURAN CRUSTACEA 

Leptochela serratorbita Bate 

Type locality: St. Thomas, Virgin Islands. 

LHstribviion: Extreme southern Florida to the Virgin Islands, with a 
single specimen being recorded for Beaufort, N. C., by the U. S. Na- 
tional Museum. 

Additional record: A single specimen (Chas. Mus. No. 35.246) was 
picked up by the author on a sand bar in Charleston Harbor in a small 
pool left by the receding tide on July 19, 1935. 

Ihor paachalis (HeUer) 

Type locality: The Red Sea. 

Distribution: Several localities in the Indian Ocean; Bermuda; West 
Indies; extreme southern Florida; Yucatan; and a single specimen 
from Beaufort, N. C., recorded by the U. S. National Museum. 
Additional record: While dredging in Beaufort River between Beaufort, 
S. C., and Port Royal, the author collected a single specimen (Chas. 
Mus. No. 35.129.2) on May 3, 1935. 

Bnchycarpus bhmguicnlatas (Lucas) 

Type hcaMty: Coast of Algeria. 

Distribution: The Mediterranean. The West Indies, Bah&mas, and 
Bermuda. In the Pacific from Clipperton Island off west coast of 
Mexico. 

Additional records: Thanks to the activities of Mr. C. J. D. Behrens of 
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the li^thoose Tender “Cypress” (Sixth lighthouse District), we have 
several specimens of Brachycarpus in the collection: 

Three specinoens (Chas. Mus. No. 38.209.3). 47 miles south south- 
east of Cape Canaveral, Florida, from Bethel Shoal sea buoy on May 12, 
1938. 

One specimen (Chas. Mus. No. 38.209.1). 15 miles northeast of 
Cape Canaveral, Florida, from Hetzel Shoal sea buoy on May 18, 
1938. 

One specimen (Chas. Mus. No. 37.223). From sea buoy 1 mile 
outside Ft. Pierce Inlet, Florida, on January 13, 1937. 

One specimen (Chas. Mus. No. 37.224) from sea buoy 2AFP on the 
outer end of Frying Pan Shoal off Cape Fear, North Carolina, on May 
4, 1937. 

Macrobrachium ohionis (Smith) 

Type locality: Ohio River at Cannelton, Indiana. 

Distribution: Middle and lower Mississippi River; North Carolina and 
Georgia. 

Additional records: There are several specimens and records in The 
Charleston Museum of this species from the Cooper River above 
Charleston where it has been taken regularly by T. K. Ellis. 

I have also examined a number of specimens taken in the Edisto 
River in South Carolina from Pine Landing to Hart’s Bluff. The 
specimens were taken by John C. Pearson and were retained by him. 

Mr. Pearson also has a specimen taken at Avoca, North Carolina, 
in April 1938. He reports having examined two more specimens from 
the same locality taken by commercial fishermen in a seine. 

ANOMURAN CRUSTACEA 
Emerita benedicti Schmitt 

Type locality: Tampa, Florida. 

Distribution: Type locality only. 

Additional records: Two specimens (Chas. Mus. No. 35.103.19) taken 
in a dredge in Folly River, S. C., by the author on April 24, 1935. 

Three specimens— including one ovigerous female — (Chas. Mus. 
No. 37.135.2) taken on Edisto Island, S. C., by H. M. Rutledge on 
June 17, 1937. 

Several specimens (Chas. Mus. No. 38.190.1) taken by the same 
collector at the same locality on July 25, 1938. 

One specimen (retained by collector) dredged in 2 fathoms of water 
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on shell bottom about 1 mile off Edisto Island, S. C., by T. K. Ellis on 
January 7, 1939. 


Euceramus praelongus Stimpson 

Type hecdUy: Beaufort, North Carolina. 

Distribution: Chesapeake Bay, North Carolina, and Florida. 

AddiHonal records: Twenty-eight specimens (Chas. Mus. No. 36.5.2) 
taken by the author on Isle of Palms beach near Charleston, S. C., on 
January 7, 1936. 

One specimen dredged in three fathoms of water in the mouth of the 
South Edisto River, S. C., by H. M. Rutledge on July 12, 1937. Speci- 
men in the collection of Edisto State Park. 

Two specimens (retained by collector) taken in dredge in two fathoms 
of water about 1 mile off Edisto Island, S. C., by T. K. Ellis on January 
7, 1939. 


BRACHYURAN CRUSTACEA 
Dromidia antiilensis Stimpson 

Type locality: St. Thomas, V.I., Key Biscayne, and Tortugas, Florida. 
Distrihviion: North Carolina at Cape Hatteras, Beaufort, and Cape 
Fear. Also Bermuda, southern Florida, Gulf of Mexico, and Brazil. 
Additional records: One specimen (Chas. Mus. No. 39.145) from sea 
buoy No. C-2 off Charleston Harbor, S. C., taken by C. J. D. Behrens 
(U.S.L.H.T. “Cypress”) on June 27, 1939. 

One mangled specimen (Chas. Mus. No. 35. 18.2) from sea buoy at 
St. Augustine, Florida, by T. B. Christiansen (U.S.L.H.T. “Cypress”) 
on January 25, 1935. 

Hypoconcha sabulosa (Herbst) 

Type hcaltiy: “Africa (probably error)”* 

Distribution: North Carolina, Florida Keys, and West Indies. 
Additional records: One specimen (Chas. Mus. No. 36. 107.1) from 
Magnolia Beach (near Myrtle Beach), South Carolina. Taken on 
June 1, 1936, by S. W. Norris. 

One specimen (Chas. Mus. No. 38. 285) from Pawley’s Island (near 
Myrtle Beach), South Carolina. Taken by J. Kaminski during the 
summer of 1938. 

* Rathbun, M. J. 1937. Bull. 166 U. S. Nat. Mus., p. 45. 
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BbaHa carioM (Stampson) 

Type locality: Beaufort, North Carolina. 

D^rir&ution: Beaufort, N. C.; Florida; Jamtuoa; Braol. 

Additional records: One specimen (Chae. Mus. No. 35. 130.9} dredged 
in 3 fatiioms of water in Beaufort River between Beaufort, South 
Carolina, and Port Royal. Taken by the author on May 3, 1935. 

PilumnoB marshi Rathbun 

Type localUy: St. Thomas, Virgin Islands. 

DistrSnUion: Tortugas, Florida, and St. Thomas, V.I. 

Additional records: One specimen (now in U. S. National Museum) 
taken off sea buoy at Lake Worth, Florida, by T. B. Christiansen 
(U.S.L.H.T. “Cypress") in May 1936. 

One specimen (Chas. Mus. No. 38. 228) taken from sea buoy 2 FP 
on Frying Pan Shoal off Cape Fear, N. C., on May 4, 1938, by C. J. D. 
Behrens (U.S.L.H.T. “Cjrpress”). 

CHABI.S8TON MlTSaTIM, 

Chabubbton, 8. C. 



A TAXONOMIC REVISION OF THE GENUS SIPHONYCHIA* 

Bt Eabl L. Cobb 
One Text Fioubb 

While engaged in the examination of a few sheets of certain Corri- 
giolaceae of the eastern United' States, I became impressed by the 
apparent lack of organization in most herbaria of material belonging in 
the genus Siphonychia and related groups. The present paper arose 
through an effort to correct this situation with the least possible re- 
shuffling of nomenclature and may, therefore, be regarded as a most 
conservative treatment. 

The name Siphonychia, derived from the Greek aUI><a>, a tube, that 
is, an Anychia with a tubular calyx, was first used for these plants by 
Torrey and Gray in 1838.^ But one species, 8 . americana, was included 
in this first treatment. 

Three additional species were characterized by Chapman in 1860, viz., 
8. difftua, 8. ereda, and <8. Rugelii? In 1897 Small published the 
description of 5. corytnbosa* and in 1903 the same author characterized 
8 . paudflora.* 

The genus retmned its integrity until 1898, when Small separated 
8 . RugtMi, a species with the “flowers subtended by indurated bracts 
at maturity,” under the genus Gibbesia.^ Five years later the same 
author separated 8 . ereda and 8 . corymbosa, species without a mucro 
on the sepals, under the genus Odontonychia.* A third species was 
added to this genus in 1933, when Small published, although without 
Latin diagnosis, his characterization of 0. interior.’’ 

The relatively minor characteristics on the basis of which Small 
separated Gibbeeia and Odontonychia seem to the present author to be 

• Contribution No. 10 from the Herbarium of West Virginia University. 

« FI. N. Am. 1; 173. 

« FI. S. U. 8., p. 47. 

• Bull. Torr. Bot. Club 34 : 337. 

• FI. 8. E. U. 8., p. 402. 

' Bull. Torr. Bot. Club 25 : 621. 

‘FI. 8. E. U. 8., p. 401. 

’Man.&E.Il.,p.483. 
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scarcely of geoeric value, and in the present treatment the original 
gehus is retained intact. 

The group, finally including seven species in all, has a rather restricted 
geographical distribution, being found only on the coastal plmn from 
South Carolina to Florida and Louimana, occurring principally in dry 
pinelands, oak woods, scrub, or on sand dunes. 

Hie species are annual, biennial, or perennial herbs with radially 
prostrate, diffuse, or erect stems and branches. The leaves are small, 



Flowers of Siphonychia 

1. 8. diffusa; 2. 8, americana; 3. 8, paudflora; 4. 8, erecta; 5. 8, interior; 
6. 8, corymhosa; 7. 8, Rugelii, 

stipulate, narrow, entire, sometimes somewhat fleshy. In some species 
the blades are more or less curved. 

The perfect flowers are in cymes which are several- to many-flowered, 
corymbose or glomerulate, compact or open. The calyx is composed of 
4 or 5 sepals which are often cuspidate or mucronate at the apex, peta- 
loid above, coherent into a tube below. The corolla is wanting. The 
androecimn consists of 4 or 6 stamens inserted on the throat of the 
calyx. The style is long and filiform, minutely bifid at the apex. The 
utricle is included in the calyTc-tube. 
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The genus Mphonychia, in the arrangement of Engler and Prantl,* 
was included in the Caryophyllaceae, in the tribe Alsinoideae-Paron- 
ychieae. In the Bentham and Hooker sequence it is separated into a 
separate family, the Illecebraceae,® although Reichenbach much earlier 
had set up the family CJorrigiolaceae.^® This family is separated from 
the Caryophyllaceae through its fruit, a l-seeded utricle, contrasting 
with the several- or many-seeded pod of the latter family. Paronychia^ 
the genus most closely related to Siphonychia, has its sepals distinct or 
only slightly united at the base, and stamens that are borne on the base 
of the sepals. 


MATERIAL STUDIED 

Material in Siphonychia from several of the larger herbaria in the 
United States has been studied in the preparation of this paper. The 
following abbreviations have been used to designate the various institu- 
tions: G, Gray Herbarium; NY, New York Botanical Garden; US, 
United States National Herbarium; P, Philadelphia Academy of Natu- 
ral Sciences; F, Field Museum of Natural History; B, Brooklyn Botanic 
Garden; Mich, University of Michigan; M, Missouri Botanical Garden; 
W. Va., West Virginia University; C, Carnegie Museum; D, Duke 
University. 

The assistance rendered by my friend Dr. Harold N. Moldenke, of 
the New York Botanical Garden, in copying out literature not available 
to me at Morgantown, is hereby acknowledged with deep gratitude. 
I also wish to express my appreciation to the heads of the various institu- 
tions mentioned above, for their kindness in making available the 
material for this study. 

SIPHONYCHIA Torrey & Gray, FI. N. Am. 1: 173. 1838. 

Buinalis 0. Ktze., Rev. Gen. 2: 534. 1891. Foretpeiia’ Small, Bull. 
Torr. Bot. Club 26: 160. 1898, not Baillon ex Engler & Prantl, Nat. 

Pflanzenfam. IV, Abt. 3b: 343. 1895. Gibbesia Bull. Torr. Bot. 
Club 25: 621. 1898. Odontonychia Small, FI. S. E. U. S., p. 401. 

1903. 


* Nat. Pflanzenfam. 3, lb: 91. 1889. 
» Gen. Plant, f. 3. 16. 

« Moessl. Handb. 1:» 61. 1827. 
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XHT TO THE BFBGISS 

1. Flower* subtended by herbaceous bracts. 

% Sepals short and broad, mucronate. 

8. Sepals narrowed at the tip 1. 8» diffuse* 

3. Sepals broadened at the tip. 

4. Cymes many-flowered; bracts minute 2. 8, americana* 

4. Cymes few-flowered; bracts foliaceous 3. 8. pauciflara, 

2. Sepals long and narrow, not mucronate. 

3. Stems scabrous 4. S. erecta. 

3. Stems pubescent. 

' 4. Calyx tube bristly-pubescent 5. 8. interior, 

4. Calyx tube minutely pubescent C, 8, corymboea, 

1. Flowers subtended by indurated bracts 7. 8. Rugelii. 


1. S. diffusa Chapm., H. S. U. S., p. 47. 1860. 

Buinalie diffusa 0. Ktze., Rev. Gen. 2: 534. 1891. 

Minutely pale-pubescent; stems prostrate, 1-6 dm. long, diffusely 
branched; leaves oblanceolate, linear-oblanceolate or linear-spatulate 
to almost linear, O.S-2.5 cm. long, obtuse; stipules conspicuous, on 
young plants half as long as the leaves, at length two-parted; flowers 
over 1.6 mm. long, in compact, rectangular terminal cymes; sepals 
ovate to linear, slightly concave and mucronate at the apex, the tube 
bristly with hooked hairs. 

Type Locality — Florida. 

Distribution — ^Florida: Apalachicola, Franklin Co., Chapman 4698 
(NY, G); Cedar Keys, Levy Co., Palmer (NY, G); Eustis, Lake Co., 
Nash 1167 (NY, G, P, F); between Avon Park and Sebring, De Soto 
Co., SmaUj Small, & DeWinkeler 11491 (NY); between Quincy and 
Wetumka, Gadsden Co,, SmaU, Small, & DeWinkeler 11395 (NY); 
Oakland, Orange Co., Lewton (NY, F); Dunellon, Marion Co., Curtiss 
6659 (NY, G, B, P); Tallahassee, Leon Co., Berg (NY); Walton Co., 
Curtiss (NY); Pensacola, Escambia Co., Curtiss 6921 (NY, G, P); 
Lynn Haven, Bay Co., BillingUm (Mich); Madison Co., Hitchcock 
1668 (F); Columbia Co., Hitchcock 1569 (F). Alabama: ‘‘Alabama,’' 
Buckley (G). Louisiana: “Sandy shores of Bayou,” Mohr (NY). 

2. S. americana T. & G., FI. N. Am. 1: 173. 1838. 

Paronychia americana Fenzl ex Walp., Rep. 1 : 262. 1842. 

Paronychia urceolala Shuttlw. ex Chapm., FI. S. U. 8., p. 47. 1860. 
Stems 2-^ dm. long, prostrate, diffuse, minutely retrorse-pubescent 

when young, obscurely pubescent or glabrous in suge; leaves linear- 
oblanceolate to spatulate, 0.5-2 cm. long, minutely pubescent and 
dHate, narrowed at the base, the radical ones larger and crowded; stip- 
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ules small; obovate, scarcely 1.6 mm. long, solitary in the forks 

of the stem and clustered in cymes at the end of the branches; sepals 
white above, obovate, rounded and incurved at the apex, the tube 
bristly with hooked hairs. 

Type Locality — “Florida to South Carolina and westward.” 

Diehibiaion^-SovTB Cabolina: “South Carolina,” IVuttott (NY). 
Gboboia: Augusta, Richmond Co., CiUhbert 772 (NY); Little River, 
s.w. of Tifton, Berrien Co., Harper 1696 (NY, F, G, B); Seventeen 
Mile Creek, Coffee Co., Harper 700 (NY). Florida: Alva, Lee Co., 
Hitchcock 2^ (NY, G, F); near Snapper Creek, Dade Co., Small 11589 
(NY) ; Leon Co., Chapman (NY) ; St. Augustine, St. Johns Co., Rey- 
noldt (NY, B, Mich) ; Jupiter, Palm Beach’Co., Curties 6646 (NY, G, B, 
F); Merritt’s Island, Indian River, Brevard Co., Curtiss 342 (NY, G, 
B, F); 6 mi. s. of Daytona Beach, Volusia Co., Small, Small, De- 
Winkder 10570 (G); Jessamine, Pasco Co., Barnhart 2606 (F); Rose- 
wood, Levy Co., Garber (F). 

3. S. paudfloia ^all, FI. S. E. U. S., p. 402. 1903. 

Stems and branches 1-6 dm. long, obscurely pubescent or glabrous 
in age; leaves linear-oblanceolate to spatulate, 0.6-2.5 cm. long; cymes 
with foliaceous bracts, few-flowered; flowers about 1.5 mm. long; sepals 
obovate-cuneatc, with a broad dilated hood at the indexed apex and 
an obscure cusp. 

Type Locality — “In sand or sandy soil, Georgia and Florida.” 

Distribution — Georgia: Oconee River, opposite Dublin, Laurens Co., 
Harper 1353 (NY, G); Augusta, Richmond Co., Cuthbert 166 (NY); 
Big Lott’s Creek, Bulloch Co., Harper 967 (NY, G). Florida: Snapper 
Creek, Dade Co., Small 11591 (NY); “ad fluv. Ocklockonnc prope 
Tallahassee,” Leon Co., Rvyel in 1843 (NY); New Smyrna, Volusia Co., 
SmaU 1 1566 (NY) ; along Suwanee River, near Old Town, Lafayette Co., 
Small, DeWinkeler, dk Mosier 11322 (NY); West Palm Beach, Palm 
Beach Co., Mrs. Beam 1711 (G); “prope St. Augustine,” St. Johns Co., 
Rxigel in 1848 (G); Georgiana, Brevard Co., Smith (P); St. Petersburg, 
Pinellas Co., WiUiamson (P); Rosewood, Garber (F); Citrus Co., Hitch- 
cock 1560 (F). 

4. S. erecte Chapm., FI. S. U. S., p. 47. 1860. 

Buinalis erecta O. Ktse., Rev. Gen. 2: 534. 1891 . 

Odontonychia erecta Small, FI. S. E. U. S., p. 401. 1903. 

Stems smooth, glaucous, clustered, erect, 1-4 dm. tall; leaves erect, 
spatulate, linear-oblanceolate or linear, 0.5-3 cm. long, those ol the 
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bajren stems imbricated; stipules silvery, very conspicuous against the 
stem and leaves; cymes compound, rectangular, compact; flowers 
nearly or quite 3 mm. long; sepak lanceolate, smooth, acutish, sometimes 
obscurely mucronate at the apex; calyx tube smooth and fturrowed; 
utricle about 1 mm. long. 

Type Locolity— Sands along the west coast of Florida. 

DiMribulim — Florida: Hurricane Island, St. Andrews Bay, Bay Co., 
Banker 3669 (B) ; Santa Rosa Island, Tracy 6409 (NY) ; “East Florida,” 
Buckley (NY). Alabama: Perdido, Baldwin Co., Tracy 8689 (NY, 
G, F); Mobile, Mobile Co., Mohr (NY, B, F). 

5. S. interior Core n. comb. 

OdorUonychia interior Small, Man. S. E. FI., p. 483. 1933. 

Plant closely brown-pubescent and often somewhat viscid, the 
branches spreading, 1-4 dm. long; leaves spatulate to linear, O.d-2.5 
cm. long, relatively coarse-pubescent; cymes open, diffuse; flowers 
becoming 2.5 mm. long; sepals lanceolate, acute, much longer than the 
calyx tube; utricle less than 1 mm. long. 

Type Locality — “Along the Suwanee River, e. of Old Town, Fla., 
Small, Small, <fe DeWinkeler, No. 11465, in herb. N. Y. B. G.” 

Distribution — Florida: along Suwanee River east of Old Town, 
Lafayette Co., Small, Small, & DeWinkeler 11465 (NY); pinelands west 
of Lake City, Columbia Co., Small, Small, & DeWinkeler 11372 (NY); 
Citrus Co., Hitchcock 1553 (F); Suwanee Co., Hitchcock 1552 (F); near 
mouth of Spring Warrior River, SmaU, Small, & DeWinkeler 11451 
(NY, G). Georgia: Flint River at West Bainbridge, Decatur Co., 
Harper 1234 (NY, G). 

6. S. coiymbosa Small, Bull. Torr. Bot. Club 24: 337. 1897. 

Odontanychia corymbosa Small, FI. S. E. U. S., p. 402. 1903. 

Plant minutely grayish-pubescent, the branches erect, 1-3 dm. tall; 
leaves oblanceolate to elliptic or linear, 0.5-1. 5 cm. long, minutely 
pubescent; cymes aggregated in a compact terminal corymb; flowers 
scarcely 2.5 mm. long; sepals ovate, obtuse, slightly longer than the 
h 3 rpanthium; utricle about 1 mm. in diameter. 

Type Locality — “The original specimens were collected by Professor 
L. M. Underwood on Ship Island, on the coast of Mississippi, in June, 
1896.” 

Distribution — Florida: Port St. Joe, Calhoun Co., SmaU, Small, <!!• 
DeWinkeler 11422 (NY); East Pass, Franklin Co., Tracy 6408 (NY); 
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High Springs, Alachua Co., Wiegand & Manning 1164 (G). Alabama: 
Mobile, Mobile Co,, Mohr (P, F). Mississippi: Ship Island, Biloxi, 
Harrison Co., Earle <Sk Underwood (NY, F); Cat Island, Harrison Co., 
Lhyd dk Tracy 76 (F, NY); Horn Island, Jackson Co., Tracy 7662 (NY, 
G, F) ; Ocean Springs, Jackson Co., Tracy (NY). 

7. S, Rugelii Chapm., FI. S. U. S., p. 47. 1860. 

Paronychia Rugelii Shuttlw. ex Chapm., FI. S. U. S., p. 47. 1860, 
in synon. 

Buinalis Rugelii O. Ktze., Rev. Gen. 2 : 534. 1891. 

Fordpella Rugelii Small, Bull. Torr. Bot. 26: 150. 1898. 

Gihbesia Rugelii Small, Bull. Torr. Bot. Club 26: 621. 1898. 

Annual; stem erect, 1-5 dm. tall, rather closely pale pubescent, at 
length eflfusely branched; leaves narrowly oblanceolate, linear-oblanceo- 
late, or nearly linear, 1-3 cm. long, pubescent; stipules onc-fourth to 
one-third as long as the leaves, at length two-parted; cymes numerous, 
terminal, rather loosely several- to many-flowered; calyx tube short, 
pubescent, the sepals linear-lanceolate, about 2 mm. long, conspicu- 
ously mucronate, white; utricle included. 

Type Locality — Florida. 

Dr. Chapman was dissatisfied with his original disposition of this 
species and in the third edition of his Southern Flora he transferred it 
to the genus Paronychia. Small, in 1898, erected for this species the 
new genus Fordpella^ a name which was a diminutive of forceps, referring 
to the clamp-like involucels. This name, however, had been employed 
earlier by Baillon for a genus in the Acanthaceac, and later in the same 
year (1898), Dr. Small changed the name of the genus to Gibbesia, in 
honor of Prof. Lewis R. Gibbes, of Charleston, S. C. 

Distribution— Geougia: Flint River at West Bainbridge, Decatur 
Co., Harper 1234 (F); Little Ocmulgee River, Montgomery Co., 
Harper 1990 (NY, G, F); Olympia, Lowndes Co., Harper 1596 
(NY); Ohoopee River, Shepherd’s Bridge, Tatnall Co., Leeds 1722 
(P, D). Florida: *‘ad fluv. Whittlecouchy prope Camp Island,” 
Rugel in 1848 (NY, G); Suwanee, Suwanee Co., Williamson (P). 


Department of Botany, 
West Virginia University, 
Morgantown, W. Va. 



OBSERVATIONS ON A NEW SPECIES OF THRAUSTOTHECA* 
Bt Mart Wiluams Ward 
Plats 31 

During the winter of 1939 the writer became interested in a study of 
aquatic Phycomycetes obtained from soil and water samples in the 
vicinity of Burgaw, North Carolina (alt. 59-60 ft.; soil soft sandy loam). 
These samples were brought into the laboratory where a number of 
species of the Saprolegniaceae and a few Chytrids were isolated. 

The first systematic study of water molds occurring in the soil was 
made in this laboratory by Harvey (1925), and since then numerous 
other investigators have found water molds in soil collections. 

PROCSDURB 

The author collected numerous samples of soil from near the surface 
of the ground in the vicinity of Burgaw, North Carolina. Also samples 
of water containing sediment were taken from various pools, streams, 
ponds, and springs in the same general collecting region. These col- 
lections were brought to the laboratory at Chapel Hill and placed in 
Petri dishes. To these were added a small amount of tap water, three 
or four halves of boiled hemp seed, and several pieces of cooked grass. 
The dishes were covered and allowed to stand for two or three days 
without being examined. After two days a piece of grass from each 
culture was transferred to a sterile Petri dish, washed, and examined 
for Chytrids. The other grass and the hemp seed in these original 
cultures were allowed to remain for four or five days to await the 
growth of any fungus which might appear later. At the end of this 
period, the remaining pieces of grass and the hemp seed with their 
fung^ growth were transferred to sterile Petri dishes, washed, and the 
fungus species identified whenever possible. A single hyphal tip of any 
water mold which appeared to be interesting was transferred to a plate 
of oommeal agar or to a plate of maltose-peptone $5 (Couch 1932) to 

* Material in this paper taken from a thesis presented in partial fulfillment of 
the requirements for the master’s degree in the Department of Botany, University 
of North Carolina. 
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obtain pufe cultures. After 2 or 3 days’ growth, sma ll squares of a gar 
containing tips of hyphae which were free from bacteria were cut out 
and transferred to sterile Petri dishes. A small piece of hemp seed was 
placed on each of these blocks of agar and a little sterile water added 
to each dish. Usually, after one day the hemp seed was completely 
surrounded by a vigorous young growth of the plant mycelium. 

RESULTS 

A record of all identifications and the number of times collected from 
both soil and water is shown in the tables given below. 

Isolations from Soil Collections 

8p«eu$ No. oj Hm$9 eo U o eUd 

Aplanes Treleaseanus 4 

Achlya racetnosa 1 

Achlya colorata 2 

Achlya americana 1 

Achlya proliferoides 3 

Achlya fiageUata 3 

Achlya imperfecta 1 

Achlya apiculata 6 

Achlya megasperma 2 

Achlya prolifera 1 

Achlya recurva 1 

Achlya (sterile) 2 

Thraustotheca n, sp 2 

Dictyuchas sp 1 

Leptolegnia sp 1 

Allomyces arhuscula 4 

Olpidiopsis fusiformis 1 

Olpidiopsis minor 1 

Olpidiopsis varians 6 

Rhizophidium carpophilum 1 

Rhizophidium multiporum on Achlya flagellata 1 

Rhizidiomyces apophysatus 1 

Isolations from Water Collections 

Spooiet No.aflimo9 0oUoM 

Pythiopsia sp 3 

Saprolegnia delica 1 

Saprolegnia iiioralis 2 

A^anes Treleaseanus 6 

Achlya colorata 2 

AMya proliferoides 12 

Achlya flagellata 5 

Achlya imperfecta 6 
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Achlya apieulata 2 

AcMya (Bimtile) 2 

ThrauBtoiheca n. ap 7 

DiciyttekuM ap 20 

Aphanomycei BteUatus 1 

Aphanomycea ap 1 

Allomycea arhiiaeula 1 

Pyikium ap 3 

Olpidiopaia variana 1 

Rhizopkidium carpophilum on threada of Achlya ap 2 

Rhizidicmycea apophyaatua on Achlya flagellata 5 

Rhizopidium muUiporum 2 

Endochytrium ap 1 

Rhizophlyctia roaea 1 


In the table given above, as is indicated, a new species of Thraustoth-- 
eca and a Chytrid, Rhizophlyctia roaea, previously incompletely de- 
scribed, have been obtained. A complete description of this new 
Thrauatotheca is given below; the development of Rhizophlyctia rosea 
will be discussed in a separate paper. 

The following description was drawn from single spore cultures on 
hemp seed in distilled water which had been filtered through animal 
charcoal and sterilized, 

Thraustotheca irregtdaris Coker and Ward n. sp. 

Homothallic; growth dense and rapid on boiled hemp seed; hyphae 
often over 2 cm. long, 12-71 m thick near the base, rarely 128.5 m; 
mostly branching, seldom unbranched; tips mostly somewhat pointed 
and less granular than the remainder of the hyphae. Sporangia 
abundant; the first ones borne on the ends of the main hyphae, with 
few exceptions of the modified Achlya type, rather stout and regular to 
slender and irregular, subcylindrical or usually thicker near tip or 
center. Wall thin and delicate and eventually disappearing in part, 
more often entirely disappearing some time after emptying; the spores 
escaping through an inconspicuous apical papilla and encysting at the 
tip in the form of a hollow sphere, soon emerging and swimming away 
in the Achlya form. Encystment of most of the spores sometimes 
taking place within the sporangium, but a true dictyosporangium is 
never formed. Later sporangia of the Thrauatotheca type borne singly 
or in large clusters up to 4 or 5 on the ends of hyphae, irregular in form, 
often curved or very crooked and very often forked; spore mass usually 
breaking away as a whole or in part; spores encysting within, spherical 
or subangular, the sporangia! wall soon disappearing; spores leaving a 
false net after emei^ing. Gemmae usually abundant, spherical, pyri- 
form, or flask-shaped, oval, clavate, or somewhat fusiform, intercalary 
or borne on the ends of hyphae, often in chains of two or three, some- 
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times as many ai five ; cylindrical gemmae also formed by the segmenta* 
tion of the hyphae after sporangia have emptied, breaking off m some 
cases just as do the sporangia. Oogonia borne on short lateral stalks, 
the length of which may not equal the diameter of the oogonia, rarely 
on the ends of main hyphae or intercalary, smooth-walled, spherical to 
oval, very regular in size, 21.4-71.5 mostly about 50 wall rather 
thin, pitted or occasionally unpitted. Eggs 16.6-38.3 m thick, 1-9 in 
an oogonium, usually 3-6, eccentric with a single, large lateral oil drop 
when mature. Antheridia on all oogonia that reach maturity, diclinous, 
a large number of antheridial branches commonly found on each 
oogonium, twining about it; antheridia simple or branched and usually 
finger-like in shape, being applied to the oogonia by their sides or ends. 

Collected 9 times from soil and water samples taken in the vicinity 
of Burgaw, North Carolina, January 13 - 14 , 1939 . 

From the other three species of water molds that produce sporangia 
of both the Achlya and Thraustotheca types, this species is distinguished 
as follows: 

From T, primoachlya by the smooth oogonia, abundant gemmae, and 
diclinous antheridia; from A, dubia by the hyaline oogonial wall, the 
entire contents of the sporangium forming spores, and the absence of 
true dictyosporangia; from BreviUgnia bispora by the much larger 
oogonia with several eggs and the diclinous antheridia. One of its 
most peculiar characteristics is the formation of sexual organs only in 
poorly nourished cultures. 

In the first isolations of this fungus no sexual organs appeared, thus 
suggesting that it might be hewrothallic. Since this species had been 
isolated from several collections, crosses were made according to the 
method described by Raper (1936) to determine whether or not com- 
patible strains had been found. Isolations of this species were also 
crossed with sterile Achlyas. These crosses all failed to produce oogonia 
and antheridia. However, in several collections, miniature cultures 
growing on small particles of hemp seed were found produ'eing oogonia 
and antheridia in abundance. Because of the fact that the antheridia 
were diclinous further experiments were necessary to prove that this 
species was not heterothallic. Consequently, numerous single spore 
and single hyphal cultures were made. In addition, other cultures 
were made by cutting off oogonia to which no antheridia were attached, 
and by cutting off antheridial branches which had not atteehed them- 
selves to oogonia. All of these were planted separately on maltose- 
peptone ^6 agar. Transfer cultures from these isolations were placed 
on halves of hemp seed in Petri dishes and to each a small amount of 
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dietilled water was added. On these cultures no oogonia or antheridia 
were produced. When small bits of hemp seed or when termites which 
had been preserved in alcohol and washed in distilled water were added 
to these cultiues, the production of antheridia and oogonia occurred in 
almost every instance. Therefore, it was determined that this species 
is homothallic, but that it must be starved before oogonia and antheridia 
are produced. 

To show further that a shortage of food material initiates sexual 
reproduction, the following cultures were made: in one Petri dish with 
part of an old culture that had produced oogonia, were placed four 
radicles of hemp seed, one of which was very small. The length of the 
hyphae on the three large radicles after two days extended 8-10 mm. 
from the radicle. None of these three cultures gave any evidence of 
sexual reproduction. The growth on the smaller piece was much less 
extensive, measuring only about 2 mm. from the radicle. On this 
culture, oogonia and antheridia were abundant. In another Petri dish 
with part of a culture that was producing oogonia, four cotyledons of 
hemp seed were placed. The length of the hyphae on these four 
cotyledons after two days was from 6-10 mm. from the cotyledon and 
no sex organs were produced. However, a small part of one cotyledon 
which had broken off produced hyphae which measured only 5 mm. and 
sex organs were produced in abundance. Four pieces of com embryo 
were placed in a third Petri dish containing an old oogonial culture. 
After two days’ growth, the hyphae of aU these cultures measured 
approximately 10 mm. Three cultures were very vigorous and pro- 
duced no sexual organs, while the remaining culture was rather delicate 
and produced few sex organs. Particles of com endosperm were also 
placed in a Petri dish with an old culture which had produced oogonia. 
After two days’ growth the hyphae on the three large particles of endo- 
sperm measured from 5-6 mm. in length. None of these three cultures 
gave any evidence of sexual reproduction. The hyphae of the smaller 
culture, however, measured only three mm. in length; on this culture 
oogonia and antheridia were abundant. 

When transfer cultures were placed on small bits of hemp seed, on 
termites, on house flies, or on wasps, without flrst obtaining a vigorous 
growth on larger pieces of hemp seed, no oogonia or antheridia were 
produced. 

The remarkable regularity in the appearance and succession of two 
kinds of sporangia (^. 1) and the fact that the later sporangia are 
frequently curved and often more or less in clusters at the ends of 
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hyphae (fig. 10), indicated a resemblance to Thraustotheca primoachlya. 
In the present species, sporangia are produced in great abundance; first, 
a type which resembles Achlya, to be followed later by a modified 
Thraustotheca type. Achlya type sporangia are frequently produced 
on the same hyphae as the Thraustotheca type; however, they may often 
appear without the Thraustotheca type sporangia. The Achlya type 
sporangia are most frequently produced at the tips of the threads, while 
the Thraustotheca type very commonly are found farther back (fig. 1). 

The writer wishes to express her mncere appreciation to Dr. W. C. 
Coker and to Dr. J. N. Couch for direction and encouragement during 
the progress of this study. The writer is also very grateful to Miss 
Alma Whiffen and to Dr. Leland Shanor for assistance and suggestions 
at various times. 

Department of Botany, 

The University of North Carolina, 

Chapel Hill, N, C. 
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EXPLANATION OF PLATE 31 

Fig. 1. Tip of hypha showing both an Achlya and a Thrattatotheca type of sporan^ 
gium. X 462. 

Fig. 2. End of hypha showing two Thratutolheea type sporangia and a stub of 
one. X 462. 

Fig. 3. Hyphal tip showing a Thrauatotheca type sporangium and imder it a 
younger developing sporangium. X 88. 

Fig. 4. Hyphal tip showing part of sporangium breaking away. X 88. 

Fig. 5. End of hypha showing sporangium which has already discharged spores 
as in Achlya and a Thrauatoiheca type sporangium from which most of 
the spores have escaped. X 62. 

Fig. 6. Hyphal tip showing a sporangium of the Thrauatotheca type in which the 
spore mass has crumbled apart. X 88. 

Fig. 7. Portion of hypha showing a sporangium of the Achlya type from which 
part of the spores have escaped, the remainder encysted within the 
sporangium. X 68. 

Fig. 8. A similar sporangium in which some of the spores are sprouting through 
the sporangium wall and liberating the second swimming stage. X 50. 

Fig. 9. A peculiar sporangium with the upper part of Achlya type, the lower 
part Thrauatotheca type. X 116. 

Fig. 10. Hyphal tip showing characteristic clusters of sporangia. X 22. 

Fig. 11. End of hypha showing two gemmae which have formed at the tip, with 
the continuation of growth from below. X 208. 

Fig. 12. Hyphal tip bearing a Thrauatotheca type sporangium at the end and a 
fusiform gemma below. X 60. 

Fig, 13. Hyphal tip bearing a terminal clavate gemma. X 166. 

Fig. 14. End of hypha showing an oval gemma at the side and below it a few 
spores that remained in place after the rest of the sporangium had broken 
away. X 22. 

Fig. 16. Cylindrical gemmae formed by the segmentation of a hypha, the end 
one breaking away. X 22. 

Fig. 16. Habit sketch of young sporangium with diclinous antheridia. X 60. 

Fig. 17. Oogonium with branched antheridia, pits in the oogonial wall, and eggs 
in different stages of maturation. X 208. 

Fig. 18. Combined median and surface view of oogonium showing numerous 
pits. Eggs in various stages of development. X 208. 

Fig. 19. Smaller unpitted oogonium with smaller eggs. X 262. 





OBSERVATIONS ON RHIZOPHLYCTIS ROSEA* 

By Mary Williams Ward 
Plates 32 and 33 

The fungus Rhizophlyctis rosea was discovered in 1862 growing 
saprophytically on damp rich soil in flower pots, producing here and 
there a rose color, and was originally described by De Bary and Woro- 
nine (1864; reprinted 1865) as Chytridium roseum. Cornu (1869) 
reported it a second time growing apparently as a parasite on the spores 
of Equisetum arvense which had been kept under cover at high humidity. 
It was found a third time by Sorauer in Germany on damp blotting paper 
(Schrdtcr, 1889). Fischer transferred Chytridium roseum to the genus 
Rhizophlyctis. Fitzpatrick (1930) includes the genus Rhizophlyctis 
in the Rhiazdiaceae, but states that all the species in this genus occur 
on algae. 

Until recently (Couch, 1939) this fungus has been reported only from 
Europe and in spite of its wide distribution (see below) is very inade- 
quately known. Recently several collections have been obtained in 
our laboratory. Dr. J. N. Couch first isolated it in November, 1938, 
from a soil sample taken in the vicinity of Chapel Hill. Miss Alma 
Whiffen has isolated it from soU collections made near Hammonton, 
New Jersey. Mr. Hiden Cox has obtained it from soil samples sent to 
Dr. R. E. Coker from the Galapagos Islands and also from water col- 
lections from near Florence, South Carolina. The present author has 
isolated it from water collections made in the vicinity of Burgaw, North 
Carolina. This species has been quite easy to culture and because of 
this fact it has been possible to work out most of the details in the life 
history. 

The following description, with the exception of that of resting spores, 
has been made from material growing on corn leaves in distilled water. 

Rhizophlyctis rosea (DeBary and Woronine) Fischer 

Thallus monocentric. Each thallus consisting at maturity either of 
a zoosporangium with an extensively develop)ed rhizoidal S3ndtikn, or of a 

* Material in this paper taken from a thesis presented in partial fulfillment of 
the requirements for the master's degree in the Department of Botany, University 
of North Carolina. 
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resting body with rhisoids. Zoosj^rangk rose-coloredi smooth*walIed, 
^herical or irregular in shape, quite variable in sise, up to 130 ^ wide. 
Exit papillae l~several, of varying length and diameter, the ends being 
filled with a gelatinous plug; rhiioids arising from 1-several places on 
the jEoosporangiutn, stout, up to 11.66 m in thickness near the point of 
origin, extensive^ much branched, sometimes 650 n or more in length; 
zoospores emerging through the papillae, about spherical, mostly 
thick, with a small refractive globule and a very long posterior cilium. 
Resting spores smooth, relatively thick-walled, spherical, oval or 
ixiegi^, contents olive-brown to orange-brown in color, granular and 
containing numerous refractive bodies. Germination not observed. 
Saprophytic or weakly parasitic (according to Cornu). 

HOST RANGE AND CULTORB EXPERIMENTS 

This plant was isolated on corn and grass leaves which contained 
chlorophyll and on corn leaves from which the chlorophyll had been 
extracted. This was done by cutting out a small section of the leaf 
infected by the fungus, that had previously been thoroughly washed, 
then transferring it to a sterile Petri dish to which a small amount of 
water and two or three small pieces of cooked grass were added. Mono- 
sporangial cultures were obtained by cutting out a single sporangium 
from an infected leaf and by transferring it to a sterile Petri dish con- 
taining a piece of cooked grass and a small amount of water. The 
most successful technique employed for obtaining cultures that were 
practically free from bacteria was the single spore method involving the 
use of agar (Couch, 1939). In using this method a single sporangium 
that was almost ready to discharge spores was cut out, washed several 
times, and placed on a sterile slide until the spores were discharged. 
By means of a capillary pipette, a drop of water containing spores was 
drawn up and blown out on a plate of agar. By tilting the plate several 
times the spores were widely distributed in such a manner that some were 
free from bacteria. After eight hours' growth, blocks of agar containing 
single growing plants were cut out and transferred to other plates of 
agar or to sterile Petri dishes containing a single piece of corn leaf. 

In using the agar method, agars of weak concentration are necessary. 
Excellent results were obtained with both commeal and cellulose agar 
(for method, see Waksman, 1927, p, 197), but no satisfactory results 
were obtained with maltose-peptone # 5 or with grass decoction agar. 
Growth, as a rule, is more rapid and maturity is reached more quickly 
on commeal than on cellulose agar. On commeal agar, sporangia 
often reached their mature size and discharged their spores after forty- 
eight hours, while on cellulose agar no sporangia discharged their spores 
when less than six days old without the addition of water. The spo- 
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rangia produced on cellulose agar are much more varied in shape than 
those produced on cornmeal agar, often being p 3 rriform, while on 
cornmeal they are spherical in practically every instance. A few 
sporangia grown on cellulose agar attained a diameter of 123.28 m after 
seven days^ growth. A comparison of the average size of sporangia 
observed at regular intervals when growing on cornmeal agar is shown 
in the table below: 


CULTVSB MBDIA 

PBBIOD or GROWTH 

AYSRAOS RUMXrSR 
or BPORAHaiA 

Cornmeal agar 

23 hours 

13.28^ 

Cellulose agar 

23 hours 

5.33a« 

Cornmeal agar 

48 hours 

21.65/t 

Cellulose agar 

48 hours 

16.66m 

Cornmeal agar 

60 hours 

53.57m 

Cellulose agar 

60 hours 

21.65m 

Cornmeal agar 

7 days 

71.63m 

Cellulose agar 

7 days 

83.30m 


Cultures were carried on almost exclusively on pieces of corn leaves, 
thriving equally well on leaves containing chlorophyll and on ones from 
which the chlorophyll had been removed. 

Experiments were tried to determine whether or not this species would 
live on other substrata. The results are recorded in the table below: 


1 . 

2 . 


3. 

4. 

5. 

6. 

7. 

8 . 

9. 

10 . 

11 . 

12 . 

13. 

14. 

15. 

16. 

17. 

18. 


BUBBTRATUM 


BSBUIVTB 


Equisetum spores 

Lycopodium spores 

Peach petals (boiled) 

Cherry petals (boiled) . . 

Japonica petals (boiled) 

Japonica petals (froeen) 

Rose petals (boiled) 

Spirea petals (boiled) 

Violet petals (boiled) 

Viburnum petals (boiled) 

Corn leaves (uncooked) 

Spider lily leaves (chlorophyll extracted) 

Elodea leaves (chlorophyll present) 

Elodea leaves (chlorophyll extracted) . . . 

Pine pollen 

Sweet gum pollen 

Filter paper 

Chi tin (boiled slices of cow horn) 


Some sporangia 
No sporangia 
No sporangia 
No sporangia 
Few sporangia 
Few sporangia 
No sporangia 
No sporangia 
Few sporangia 
Few sporangia 
Many sporangia 
Many sporangia 
Some iporangia 
Some sporangia 
No sporangia 
No sporangia 
Few sporangia 
No sporangia 
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l>BVBU>ntllNT AND STBtrcrOBBi OV THB TKAIiLtJB 

As De Bary aod Woronine (1864) aod Cornu (1869) have correctly 
shovn, the soospores emerge fully formed. However, He Bary and 
Woronine state that they remain motionless for an instant after being 
discharged before commencing the jerky movements. I have observed 
that in a few cases some of the spores may remain motionless for an 
instuit or so, but they usually begin the characteristic jerky movement 
immediately upon emergence. They may dart forward with great 
rapidity, come to an abrupt stop, and then dart off again. The flagel- 
lum is in a posterior position when the spores are swimming. If the 
soospores are obstructed or get caught or trapped in a position in which 
it is impossible for them to swim about, they may become somewhat 
amoeboid for a short time (PI. 32, figs. 1-5), then round up and dart off 
again as soon as becoming free. Hie length of the active swimming 
period, according to my observations, varies from approximately 
twenty minutes to three hours. However, when a few zoospores become 
trapped in a sporangium they have been observed in some cases to 
remain active for as long as ten hours. The zoospores are hyaline, 
generally spherical (PI. 32, figs. 6-7), about in in diameter, with a single 
posteriorly attached flagellum which is approximately five times as 
long as the diameter of the zoospore. The most conspicuous structure 
in the living zoospore is a round, highly refractive globule. After the 
zoospore comes to rest on the substratum it loses its cilium and begins 
to enlarge (PI. 32, figs. 8-9). A membrane develops and the single 
refractive body seen in the swimming spore breaks up into several 
Eonsiler refractive bodies (PI. 32, figs. 9-10). Along with these changes 
the rhizoids begin development (fig. 11). The central portion of this 
developing thallus continues to grow and forms a sporangium. 

The refractive globules of the developing thallus increase in number 
as the sporangium grows and have a tendency to collect in an eccentric 
position (^. 13-14). As the globules increase in size, they assume a 
rose tint which becomes more and more evident, until by the time the 
zoosporanpum has reached the stage shown in fig. 14, the globules are 
deeply rose-colored and highly refractive. As the sporangium matures 
the large globules are broken up into smaller ones which become evenly 
dispersed throuidi the alveolate cytoplasm. Hiose globules now seem 
to be digested until a condition is reached in which the cytoplasm is 
filled with tiny i^bules (fig. 16). These globules now collect into small 
groups, tiw fl^bules in each group coalescing to form the conspicuous 
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globule of the t^re. At this stag;e, the protoplasm assumes a dull rose 
tint. 

In the maturation of the sporangium from the stage shown in fig. 14, 
from one to several papillae, filled with very condensed hyaline proto- 
plasm that is demonstrable by staining with gentian violet, are formed 
as outgrowths of the sporangial wall. 

Simultaneously with the development of the sporangium, an elaborate 
rhizoidal system consisting of several main tnmks from which arise 
much-branched delicate threads is formed (fig. 26). The threads, 
however, do not anastomose or taper at the ends, becoming as mere 
lines, but retain always a tubular appearance with blunt ends. In the 
early stages of sporangial development the protoplasm in the rhisoids 
appears quite hyaline, but its presence can be demonstrated by killing 
material in the fumes of osmic acid and staining with gentian violet. 
By the time the sporangium has reached its mature size, the rhizoids 
are empty and are separated from the sporangium by cross-walls (fig. 
16, etc.). 

Cleavage of the protoplasm into spores may begin within twenty^our 
hours after the granular stage is reached, depending upon the condition 
of the culture. Figure 17 shows a sporangium in which the process of 
cleavage is complete and the individual zoospores have been delimited. 
At this stage the pigment disappears. Due to the mutual pressure of 
the zoospores on each other, they are angular in shape. 

As the spores are being formed the hyaline plug in the papilla is 
gradually pushed out to the end and finally becomes rounded (fig.l7). 

The immediate indication that the spores are going to emerge is the 
extrusion of the hyaline plug from the end of the papilla (fig. 17). 
After the spores have milled around in the sporangium for a few seconds, 
they emerge through the exit papillae as rapidly as possible (fig. 18). 
The length of time required for the emergence of all of the spores is 
dependent to a large degree upon the size of the sporangium and whether 
or not some of the spores become trapped inside. 

The shortest time observed from spore germination to the maturity 
of the sporangium and the discharge of the spores was forty-eight hours 
when grown on cornmeal agar. The average time elapsing between 
spore germination and the maturity of the sporangia on com leaves 
is approximately three days. Spores are discharged at the end of this 
period or from several days to a week or two later, depending upon the 
conditiem of the culture. 

The mature zoosporangia of RkizopKlyetis rosea are highly variable 
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in 81*6 and shape. They may be spherical, oval, elliptical, clavate, 
cubical, conical, or irregular with from one to ten, or perhaps more, 
exit papillae which may vary in length and in diameter (figs. 19-23). 

The size of the zoosporangia range from approximately 4^ to 130/i 
in diameter. The number of zoospores produced in a single sporangium 
varies, depending upon its size. 

The walls of the sporangia and of the papillae give a pale purplish 
or lavender color with chloriodide of zinc, thus indicating a cellulose 
composition. The rhizoids at the same time remain perfectly colorless. 

Immature resting bodies of a Rozella (?) have been observed a few 
times parasitizing sporangia of this fungus (fig. 31). 

Resting spores as well as zoosporangia of Rhizophlyrtie rosea were 
found by Prof. C!ouch on a piece of cardboard collected by him March 
8, 1939, at the Caves near Chapel Hill, and the observations below were 
made from these. Mature resting spores are smaller than sporangia and 
less variable in size and shape (figs. 26-30). Their walls are smooth 
and relatively thick, with contents varying in color from olive-brown to 
orange-brown. Numerous highly refractive fat globules are present. 
Neither the development nor the germination of the resting spores has 
been observed. 


DISCUSSION 

The present fungus may be easily distinguished from Rhizophlyctis 
Petersenii as described by Sparrow (1937). In Rhizophlyctis Petersenii 
the protoplasm of the growing plants contains numerous orange-brown 
bodies and only one exit papilla is produced. In Rhizophlyctis rosea 
the protoplasm in the growing plant is rose-colored and one or many exit 
papillae may be present. In Rhizophlyctis Petersenii the spores emerge 
in a mass and form a large, spherical, possibly hollow, motionless cluster 
at the orifice of the tube, while in the present fungus the spores emerge 
singly, fully formed, and begin their characteristic jerky movement 
immediately. Another conspicuous difference exhibited by the two 
species, however, is the possession of a small orange-brown globule in 
the spores of Rhizophlyctis Petersenii in contrast to the absence of a 
pigment spot in the spores of Rhizophlyctis rosea, 

SUMMARY 

1. A Chytrid, Rhizophlyotis rosea, previously incompletely described, 
has been isolated in single spore culture and has been grown on various 
substrata. 
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2. The deyelQ|)ment and structure of Rhizophlyctis rosea has been 
described. 

3. Resting bodies which are varied in size and shape occur in Rhiz(h 
phlyctis rosea. Neither their development nor their germination has 
been observed. 
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EXPLANATION OP PLATES 

Fijam 82 

Pigs. 1^, liTUig xooig>ore8. X 472. 

Pigs. 6-7. Eoospores killed in the fumes of osmic acid and stained with gentian 
violet. X 600. 

Hg. 8. Spore which has settled down and lost its cilium. X 260. 

Pig. 9. Enlargement of spore and breaking up of single refractive body into 
•everal smaller ones. X 260. 

Pigs. 10-18. Early stages in spore germination and development of sporangiam 
on oellulose agar. Spores are not growing in contact with bacteria. 
X 260. 

Pigs. 14-18. Stages in development of sporangium, spores, and spore discharge 
in the same sporangium. X 208. 

Pigs. 19-28. Variations in the shapes and sises of sporangia. X 208. 

Fig. 24. Characteristic cluster of sporangia. X 68. 

Fig. 25. Habit sketch of thallus showing about one fourth of the rhixoids. X 88. 

Pigs. 26-30. Variations in the shape and size of resting spores. X 208. 

Pig. 31. Immature resting body of a species of Rozella (?) parasitic on a sporan- 
gium of Rhizophlyctts rosea X 208. 


Plat® 33 
Photomicrographs 

Pig. 1. Portion of corn leaf showing infection. X 60. 

Pig. 2. Mature zoosporangium showing extensive rhizoidal system. X 187. 
Pig. 3. Single immature zoosporangium showing extensive rhizoidal system. 
X 120. 

Pig. 4. Characteristic cluster of sporkngia growing on corn leaf. X 80 
Pig. 6. Single zoosporangium in which the zoospores are ready to be discharged. 
One hyaline plug which has been extruded is shown at the end of the 
papilla. X 240. 

Fig. 6. Single zoosporangium almost ready to discharge spores. Hyaline plugs 
are shown on the tips of the papillae. X 317. 

Pig. 7. Single zoosporangium which has been growing on oornmeal agar 30 hours 
free from bacteria. Bacteria are shown at the upper edge of the picture 
X 417. 

Pig. 8. Resting spore. X 60. 

Pig. 9. Resting spore. X 60. ' 
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^ SOME FLORIDA GILL-FUNGI 
By William A. Murrill 

In a recent article in this journal the author discussed species of the 
genus Agaricua found in the vicinity of Gainesville, Fla., including two 
described as new. The present paper includes novelties from the same 
region in several other genera of the gill-fungi, notably in Cortfnarius. 
This difficult genus was studied for many years by Dr. C. H. Kauffman, 
who listed 202 species for North America in his treatment in “North 
American Flora^^ published in 1932, 

The genus CoHinarius is peculiarly northern in its range. Names of 
southern states are rare in Dr. Kauffman’s list, and only two tropical 
American localities are known, both in the mountains. Species now 
found in the Oligooene Island area about Gainesville must have migrated 
there during or following the successive glacial epochs of the Pleistocene; 
or else originated in the region through variation and mutation. 

The commonesi species in this area is C. lilacimta Peck; and C. semi- 
sanguineus (Fr.) C. H. K. is not rare, while its near relative, C. rin- 
namomeus (L.) Fr., is less frequent. An interesting case of migration 
and adaptation is found in C. camphoratvs Fr. ICauffman lists it only 
from the Adirondacks in this country, the type locality being Sweden. 
I have found it here in four different places, always with its character- 
istic odor. One would judge that it reached its new southern home at 
a later date thw C. Wacinus, Unquestionably many more migrating 
spedes of the genus perished than survived, or during their period of 
adaptation became something quite different. 

Most of the species here described as new show a close relationship to 
some northern species, just as one would expect, but they have not 
retained their fondness for cool weather as some other migrating gill- 
fungi have done. This, I think, is due largely to the fact that they are 
very fleshy and must have plenty of water, which is usually impossible 
during a Rorida winter. Given, then, the demand for water, which is 
met by the summer rains, and the radical change from a cool to a hot 
climate, and we have the physical basis for the origin of endemic species 
in the Oligocene Island region. 

The collections here cited by numbers are all deposited permanently 
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in the herbarium of the Florida Agricultural Experiment Station^ at 
Gainesville, where Mr. Erdman West is Mycologist. He has been for 
many years an enthusiastic collector and student of the fimgi of Florida. 


KBT TO ALACHUA CORTINABIUS 

A. Myxacium, Pileus and stipe slimy-viscid. 

Pileus bay; stipe lilac . , 1. C. Arnoldae 

B. Btdbopodium, Pileus viscid; stipe dry, bulb marginate. 

Pileus pallid to isabelline; stipe very short 2. C. praebrevipes 

Pileus violet-white ; spores 11-12 X 5-6 n 3. C. suhglaucopus 

Pileus sulfur-colored with testaceous center 4. C. auhfvlminevs 

C. Phlegmacium. Pileus viscid; stipe dry, clavate. 

Pileus white with rosy-isabelline tint ; spores very warty .6. C. aubcommunia 

Pileiis violet-isabelline; spores uneven, 16 m long 6. C. aublargua 

Pileus isabelline to fulvous; spores smooth, 7-8 m long. . 7. C. aubcaaapitoaua 

Pileus avellaneous; spores subglobose 8. C. praefelleua 

Pileus avellaneous; spores ovoid 9. C. Weatii 

D. Inoloma. Pileus dry; stipe stout, clavate. 

Pileus white; spores warty 10. C. aWidulua 

Pileus lilac; spores smooth 11. C. lilacinua 

Pileus lavender; spores rough; odor fetid 12. C. camphoratua 

Pileus pale-avellaneous; spores warty 13. C. avhargentaiua 

Pileus ferruginous; spores smooth 14. C. perferrugineua 

E. Dermocybe. Pileus dry; stipe slender. 

Pileus isabelline, tomentose 16. C, atibflavifolttta 

Pileus fulvous; stipe bluish 16. C. hiemalia 

Pileus yellowish-cinnamon; stipe yellow; gills yellow 17. C. cinnamomeua 
Pileus cinnamon-yellow; stipe yellow; gills blood-red. . 18. C. aemiaanguinetLa 

F. Hydrocybe. Pileus hygrophanous, without annulus. 

Pileus isabelline with fulvous disk 19. C. aubjuherinua 


Cortinarius albidulus sp. nov. 

Pileo convexo-subexpanso, 4-6 cm. lato, albido; lamellis adnexis, latis, sporis 
ovoideis, 8 x 6 m; stipite pallide violaceo, bulboso, 4x1 cm. 

Pileus convex to subexpanded, gregarious, 4-5 cm. broad; surface 
smooth, glabrous, white or stramineous, margin even, entire, at first 
inflexed; context pallid, odorless, mawkfeh but not very disagreeable; 
lamellae adnexed, rounded behind, ventricose, broad, crowded, entire, 
ferruginous-fulvous when seen; spores ovoid, often inequilateral, 
obliquely apiculate, deep-ferruginous, conspicuoudy tuberculate, usually 
1 -guttulate, about 8 x 6 / 1 : cystidia none; stipe equal above the large 
rounded bulb, smooth, g^orous, pale-violet, about 4x1 cm. 

Type collected by W. A*. Murrill under a live-oak in Gainesville, Fla., 
Jan. 13, 1938 ( F15879). Much resembling C. lUadnua in shape but 
differing in color, taste, and spore characters. like C. hiemaltBf it 
seems fond of ooo| weatW. 
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Cortinarius hiemalis sp. nov. 

Pileo eonv«xo-sttbexpan80, 6-7 cm. lato, fulvo; lamellis sinuatis, spotia ovoideia, 
8-10 X 5-6 Mi dtipite lilaoino-albo, 5 x 0.6-0.8 cm. 

Pileus convex to subexpanded, slightly umbonate at times, gregarious, 
6-7 cm, broad; surface dry, smooth, glabrous, subshining, uniformly 
fulvous, margin even, entire to undulate; context thin, white, unchang- 
ing, odorless, mild, nutty; lamellae sinuate, inserted, ventricose, medium 
broad, medium distant, entire, fulvous when seen; spores ovoid, 
apiculate, granular, finely tuberculate, subfulvous, 8-10 x 5-6 m; 
cystidia none; stipe equal or slightly enlarged below, smooth, glabrous, 
satiny-white with a faint bluish tint, solid, 5 x 0.6-0.8 cm.; cortina 
slight, evanescent. 

T 3 rpe collected by W. A. Murrill on the ground in an oak-pine grove 
in Gainesville, Fla., Jan. 10, 1938 (F 15951). A trim, neat species with 
fulvous cap and glaucous stem, appearing only in winter. 

Cortinarius perferrugineus sp. nov. 

Pileo conrexo-expanso, umbonato, ferrugineo, 5-7 cm. lato, fibrilloso; lamellis 
sinuatis, sporis glabris, 12 x 5-6 m; stipite fibrilloso, bulboso, 4-6 x 1.5-2 cm. 

Pileus convex to expanded, broadly umbonate, ferruginous through- 
out, gregarious, 5**7 cm. broad; surface dry, innate-fibrillose-tomentose, 
margin even, entire; context thick, isabelline, unchanging, sweet, 
odorless; lamellae sinuate, inserted, ventricose, rather broad, subdistant, 
entire; spores elongate-ellipsoid, obliquely apiculate, smooth, 1-gut- 
tulate, pale-ferruginous, about 12 x 5-6 m; cystidia none; stipe fibrillose, 
solid, 4-6 x 1.5-2 cm., the ovoid bulb 3 cm.; veil fibrillose, evanescent. 

Type collected by W. A. Murrill on the ground in oak-pine woods in 
Gainesville, Fla., July 15, 1938 (F 18417), A monochrome species not 
rare in woods about Gainesville. 

Cortinarius praefelleus sp. nov. 

Pileo convexo-expanao, 6.5 cm. lato, praeviscido, avellaneo, felleo; lamellis 
adnatis, confertis, umbrinis, sporis subglobosis, 6-8 longis; stipite caesio, 
bulboso, 3 X 1.4 cm. 

Pileus convex to expanded, gregarious, 6.5 cm. broad; surface soft, 
slimy-viscid, glabrous, uneven, avellaneous with cremeous areas, margin 
entire, even; context thick, whitish, unchanging, fragrant, soon very 
bitter; lamellae adnate, inserted, close, medium broad, entire, umbrinous 
when seen; spores subglobose to broadly ellipsoid, densely and con- 
spicuously tuberculate, deep-ferruginous, 6-8 m long; cystidia none; 
stipe equal above the large subglobose bulb, smooth, caesious, fibrillose, 
3 X \A cm., bulb 2 cm. thick and 1.5 cm. high. 
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Type ooUeeted by E. West end W. A. MurrQl under hardwood trees 
in l^iUBem Hammock, eleven miles northwest d Gainesville, July 20, 
19IK (F 18414)- Also collected by West, Arnold, and Murrill in Sugar- 
foot Hammock, July 11, 1938 (F 17799). IMstinctive by reason of the 
shape and color of its spores, which are usually rotmded, rough, and 
dark, the dried gills being dull-umbrinous. The very bitter flesh is 
another good character, not to mention its fragiwice. All in all, a 
deddedly interesting species, suggesting C. infractus Fries. 

Cortinaritts subargentatus sp. nov. 

Kleo oonvexo-plano, 6 cm. lato, pallide avellaneo, glabro; lamelHs adnatis, 
aporis tuberculatis, 10 x 5 jti; stipite albido, bulboso, 4 x 1-2 cm. 

Fileus convex to plane, gregarious, 6 cm. broad; surface dnr, smooth, 
glabrous, shining, pale-whitish-avellsmeous, margin even, entire, slightly 
upturned with age; context thin, whitish, sweet, odorless; lamellae 
adnate, inserted, m^um distant, medium broad, entire, fulvous when 
seen; sixires ellij^id, tuberculate, 1-guttulate, deep-ferruginous, about 
10 X 5 m; eystidia none; stipe smooth, subglabrous, bulbous, shining, 
white with a pale-violet tint, 4 x 1-2 cm. 

Type collected by West, Arnold, and Murrill under hardwood trees 
in Planera Hammock, eleven miles northwest of Gainesville, Fla., 
Oct. 21, 1938 (F 18409). A very attractive species suggesting C. 
lilacinus Peck but having tuberculate spores. The bulb is shaped like 
a young onion, without any trace of a mar^n. 

Cortiuarius subcaespitosus sp. nov. 

Pileo convexo-Bubdepresso, 6-10«m. lato, isabelliao ad fulvo, viacido; lamellis 
ainuaUa, pallidia, aporia 7-8 x 4 atipite albido, clavato, 3.6-4 x 1.&-3 Cm. 

Pileus convex to expanded, slightly depressed, cespitose, 6-10 cm. 
broad; surface smooth, glabrous, shining, viscid, isabelline to fulvous; 
margin paler, even, entire, inflexed when young, straight or slightly 
upturned with i^; context very thick, 1 cm. or more, white, unchang- 
ing, odorless, mild but mawkish; Imnellae sinuate or adnexed, roundra 
b^ond, ventricose, broad, close, inserted, entire to undulate, pallid with 
a violet tint, becoming dull-fulvous; spores almond-shaped, often in- 
equilateral, smooth, 1-guttulate, deep-ferru^ous, about 7-8 x 4 m; 
cj^dia none; stipe tapering upward, onooth, glabrous, shining, white 
with a violet tint, solid, clavate, not marginate, 3.5-4 x 1.5-3 cm. 

Type collected by W. A. Murrill imder hardwood trees in South 
Planera Hammock, eleven miles northwest of Gainesville, Fla., Oct. 30, 
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1638 (F 184iS)^ Cotype collected by the author under oaks at the 
same time and place (F I84I6). Few members of this g^us are eeqii* 
tose. In the type three hymenophores were grown together at the base. 
It may occamonally be found solitary. 

Coftinaiius subflavifolius sp. nov. 

Pileo oonvexo-subexpanso, 6 cm. lato, tomentoso, isabellino; lamellis adnatis, 
sporia ellipsoideis, tuberculatis, 6-^ x 5 m; stipite non olavato, 4 x 1-1.5 om. 

PileuB convex to subexpanded, gregarious, 6 cm. broad; surface dry, 
tomentose, isabelline, margin even, entire; context hygrophanous, 
isabelline, odorle^, mild; lamellae adnate, ventricose, rather broad, 
medium distant, inserted, entire, ferruginous; spores ellipsoid, granular, 
apiculate, conspicuously tuberculate, bright-ferruginous, fulvous in 
mass, about 6-8 x 5 fi; cystidia none; stipe subequal, subglabrous, 
4 X 1-1.5 cm.; cortina fibrillose, evanescent, leaving no ring or ring-trace. 

lype collected by West, Arnold, and Murrill under oaks in Sugarfoot 
Hammock, near Gainesville, Fla., July 12, 1938 {FI84IS). A smaller 
species than C.fitmfoUm Peck, with shorter stem and no trace of a ring. 
The spores, however, are much the same, varying from ellipsoid to 
almost subglobose. 

Coitinarias subfulmineus sp. nov. 

Fileo convexo-plsno, 6-6 cm. lato, viscido, eulphureo teBtaceoque; lamellis 
Bulphureis, sporis tuberculatis, 11-12 x 6-6 m,‘ stipite albido, bulboso, 6-7 x 0.7- 
1.3 om. 

Pileus convex to plane, gregarious to subcespitose, 5-6 om. broad; 
surface viscid, smooth, glabrous, suiphu^us, t^taceous in the center, 
mai^in even, entire; context 1.5 cm. thick at the center, whitish, un- 
changing, with a strong mushroom odor and a mild, slightly mawkish 
taste; lamellae slightly uncinate, 5 mm. broad, plane, inserted, crowded, 
undulate on the edges, sulphur-colored; spores almond-shaped, 1- 
guttulate, deep-ferruginous, distinctly tuberoulose, 11-12 x 5^p; 
cystidia none; stipe tapering upward, smooth, ^brous, white with a 
sulphur tint, solid, white within, 5-7 x 0.7-1.3 cm.; bulb plainly mar- 
ginate, 2.5 cm. thick and 1 cm. high; cortina evanescent except for a 
few fibrils on the stipe. 

Type collected by West and Murrill under hardwood trees in South 
Planera Hammock, eleven miles northwest of Giunesville, Fla., Got. 26, 
1938 (F 18398). An attractively colored species with large, margined 
bulb and tuberculate spores. Found only once. 



JotTBNAi OF THs MiTCHFLi. SoasTY [December 


Cortiatritu Bubgltuot^ui sp. nov. 

Pileo oonTexoHsabexpanso, 3-^ om. lato, viscido, violsceo-slbo; lamellis 
ftditexit, sporia ellipaoideia, tuberculatia, 7-8 x S^; atiipite co&colori, 4-5 x 0.7- 
1.5 am., biilbo marginato. 

Pileus convex to subexpanded, gregarious, 3^5 cm. broad; surface 
somewhat viscid, smooth, glabrous, violet-white, becoming darker, 
margin even, entire; context thin, pallid, mild, odorless; lamellae 
adnexed, ventricose, rather narrow, crowded, entire, becoming fulvous; 
spores ellipsoid, 1-guttulate, distinctly tuberculate, deep-ferruginous, 
about 7-^ X 5 p; cystidia none; stipe tapering upward, smooth, glabrous, 
^Unij^, pale-violet-white, 4-5 x 0.7-1 .6 cm., the bulb decidedly 
marginAte. 

Type collected by W. A. Murrill under hardwood trees in South 
Planera Hammock, eleven miles northwest of Gainesville, Fla., Oct. 30, 
1938 {F 18407). Resembling C. alhoviolaceua but with marginate bulb 
and tuberculate spores. 

Cortinarius subjuberinus sp. nov. 

Pileo convexo-plano, 3-4 cm. lato, isabellino, disco fulvo; sporis ellipsoideis, 
7-8 X 5 stipite lilacino, clavato, 4 x 0.5 cm. 

Pileus convex to plane, gregarious, 3-4 cm. broad; surface smooth, 
glabrous, hygrophanous, isabeUine, fulvous in the center, mar^ even, 
entire; context thin, pallid, mild; lamellae adnate, broad, inserted, 
medium distant, undulate on the edges, fulvous, fragile with age; spores 
ellipsoid, sometimes inequilateral, 1-guttulate, tuberculate, deep-fer- 
ruginous, about 7-8 X 5 cystidia none; stipe tapering upward from a 
clavate base, smooth, lilac-tinted, about 4 x 0.5 cm.; bulb small, im- 
marginate; cortina soon vanishing, leaving a few fibrils on the stipe. 

Type collected by E. West and W. A. Murrill under hardwood trees 
in South Planera Hammock, eleven miles northwest of Gainesville, Fla., 
Oct. 26, 1938 (F 18408). A small, slender species with pale-lilac stem 
and immarginate bulb. 

Cortinarius sublargus sp. nov. 

Pileo convexo-plano, 6 cm. lato, praeviscido, violaceo-isabellino; lamellis 
adnatis, violaceis, sporis ellipsoideis, 15 x 6-8 m; stipite albido, 5x1.3 cm. ; annulo 
BubfibrilloBO, pallido. 

Pileus convex to plane, solitary, 6 cm. broad; surface slimy-viscid, 
smooth, glabrous, isabelnne with a violet tint, margm even, entire; 
context thin, white, odorless; lamellae adnate, subdistant, medium 
broad, entire, violet to fulvous; spores ellipsoid, uneven, granular. 
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deeji-feiTUguMlMis, about 15 x 0-8 n \ cystidia none; stipe equal or sli^^Uy 
clavate, smoolb, ^brous, Rddte ivith a violet tint, 5 x 1.3 cm.; annulus 
superior, persistent, submembranous wilb a fibiiUose maigiu< 

Type collected by W. A. Murrill under an oak in Gainesville, H*., 
July 9, 1^8 (F 18416). Also collected by E. West in oak wo^ at 
Gainesville, Oct. 7, 1928 (F 15729). The spores appear rougher than 
they really are because of their very granular contents. The species is 
rare in oak woods about Gainesville, appearing during warm weather. 

Cortinarius Westii sp. nov. 

Pileo convexo-plano, &-8 cm. lato, viscido, avellaneo; lameliis subdeourrenti* 
btu, oonfertifl, sporU ovoideis, 5-7 x 5 m; etipite buIboBo, pallido, 4-5 x 0.9 cm., 
annulo nullo. 

Pileus convex to plane, gregarious, 5-8 cm. broad; surface viscid, 
smooth, glabrous, grayish-aveUaneous, margin even, entire; context 
thick, white, unchanging, odorless, slightly mawkish and astringent; 
lamellae slightly decurrent, arcuate, inserted, crowded, narrow, entire, 
umbrinous when seen; spores broadly ovoid, distinctly tuberculate, 
1-guttulate, deep-ferruginous, about 6-7 x 6/i; cystidia none; stipe 
slightly bulbous, smooth, glabrous, violet-white, shining, about 4-5 x 
0.9 cm.; cortina slight, leaving no annulus. 

Type collected by E. West and W. A. Murrill under hardwood trees 
in South Planera Hammock, eleven miles northwest of Gainesville, Fla., 
Oct. 26, 1938 (F I 84 I 8 ). The spores are rather distinctive, being 
broadly ovoid and conspicuously tuberculate. 

Gomphidius alachuanus sp. nov. 

Pileo eonvexo-Bubdepresso, 4.6 rm. latu, glabro, avellaneo-isabellino; lamellie 
praelatis, pailidis, sporis 18-20 x 6 stipite cremeo, 5x1 cm. 

Pileus convex to slightly depressed, cespitose, 4.5 cm. broad; surface 
smooth, shining, glabrous, avellaneous-isabelline, vinose when dried, 
margin even, entire or undulate; context pallid, vinose when dried, 
odorless, mild to astrin^nt, very thin except at the center; lamellae 
decurrent, very broad, distant, inserted, entire, yellowish to avellaneous, 
black when dried; spores elongate, vacuolate, p^le-brownish under the 
microscope, about 18-20 x 6 p; cystidia none; stipe tapering downward, 
distinctly grooved, cremeous, vinose when dried, about 5x1 cm. 

Type collected by E. West and W. A. Murrill on the ground in oak- 
pine woods at Newnan’s Lake, Florida, Nov. 15, 1938 (F 18402). Note- 
worthy because of its change, from pale colors to vinose when dried. 
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It oocuiB Taaely About OAinesvUle in mited woods duriag Dsosmber snd 
January. 

Batoloiiia substrietitia sp. nov. 

Fileo eampanulato-expanio, umbonato, d-4 om. lato, avellaaeo; lamellu 
ainuatia, deatatia, aporia angulatia, 11-18 x 9-8 m! atipite albo vel avellanao, 
6-^ X O.lh-l cm. 

]^U8 campanulate to broadly convex with a prominent conic umbo, 
gregarious, 3-4 cm. broad; surface dry, shining, smooth, glabrous, 
avdlaneouB, dark-avellaneous on the iimbo; margin even, entire, in- 
curved, much upturned and often splitting with age; context vepr thin, 
white, odorless, taste neither farinaceous nor bitter but mawkish and 
unpleasant; lamellae sinuate, broad, especially behind, medium distant, 
inserted, very uneven and toothed on the edges, pallid to dull-pinkish; 
spores veiy angular, apiculate, 1-guttulate, pink, 11-13 x 6-8 m; cystidia 
noEw; stipe tapeiing upward, often compressed, smooth, shining, 
fibrillose to glabroris, white or avellaneous, 6-8 x 0.5-1 cm. 

Type collected by E. West and W. A. Mundll in pine sawdust under 
bushes by a lake in Cary Memorial Forest, Alachua Co., Fla., Nov. 19, 
1938 (F 18S97). Suggesting E. atsrictiiis (Peck) Sacc. but with slenderer 
spores and thicker stem. The latter varies greatly in different hymeno- 
phores, in some being 5 mm. at the apex and 10 mm. at the base. 

Nolanea subconica sp. nov. 

Pileo convexo, umbonato, 1.6-2 cm. lato, avellaneo-isabellino; lameliis liberiB, 
‘praelatis, sporia angulatis, 8 x d^; stipite oastaneo, 2.6-3.6 x 0.1-0.16 om. 

Pileus convex to broadly convex, papillate, gregarious, 1.5-2 cm. 
broad; surface glabrous, sUght^ striate, avellaneous-isabelline, dark- 
avellaneous on the umbo, margin entire; context membranous, white, 
somewhat nutty, odorless; lamellae free or slightly adnexed, very broad, 
inserted, medium close, undulate on the edges, pallid to pink; spores 
very angular, 1-2-guttulate, pink, about 8 x 6 m; cystidia none; stipe 
equal, pruinose at the apex, glabrous b^ow, whitish-mycelioid at the 
base, castaneous, 2.5-3.5 x 0.1-0.15 cm. 

Type collected by E. West and W. A. Murrill under bushes by a lake 
in Cary Memorial Forest, Alachua Co., Fla., Nov. 19, 1938 (F I 84 O 6 ). 
Suggesting N. arnica (Peck) Sacc. but with very broad gills and convex 
rather than conic in shape. 

caervdelthicta sp. nov. 

Pileo infundibuliformi, 9 cga. latKl, albo ad leabellino, acrido; lamellia adnexis, 
oaafertis, furoatia, albia; afuiim etnpaoideia, tttberoulatia, 8-9 x 6-6 m; atipite 
aHwi eaenileotinoto, 4 x 1.7-2 cm. 
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nieua deepdsf^'iiifuDdibuiiform, solitaiy, 9 cm. Inroad; B(tft and yMding, 
smooth, i^roQB, white to mbelline, margin even, entire; context white, 
watmy, edowly burning distinctly acrid, with a 8ickeim9|; odor while 
drying; l a mell ae adnexed, tamring behind, narrow, close, many foidced 
below the middle, entire, white, pale-brownish where bruise; latex 
copious, whitish; spores broadly ellipsoid, hyaline, distinctly but not 
prominently tuberculate, about 8-9 x 5-6 m} sterile marginal cells few, 
hyaline, clavate, pointed, about 25 x 6 m; stipe slight^ tapering down- 
ward. smootii, glabrous, milk-white tinged with pale-caeruleous and 
showing more blue after picking, 4 x 1.7-2 cm. 

Type collected by E. West and W. A. Murrill in mixed woods at 
Newnan's Lake, Fla., Nov. 15, 1938 (F 18S90). When first collected 
there was a blue ring near the base of the stipe and later more blue 
color was observed on the upper part of the stipe. The fresh cap was 
unusually soft to the touch, as in Boletus pallidw. The spores resemble 
those of L. veUerea rather than the smooth ones seen in L. subveUerea, 
but the gillB are close as in the latter species. I have no word for the 
sickening odor developed in the electric drier. 

Russula albidicremea sp. nov. 

FIleo oonvezo-Bubdepresso, 6 om. lato, albido, sapore grato; lamellis adnatia, 
diatantibos, aporia lavidia, 8 x 6 fi; atipite albo, 4 x 1.5 cm. 

Pileus convra to sliidii^y depressed, solitary, 6 cm. broad; surface 
somewhat viscid, smooth, glabrous, opaque, whitish, yellowm at the 
center; margin deflexed, even, entire, peeling rather easily; context 
firm, rather thick, odorless, mild, white, unchanging; lamella adnate, 
many forked at me base and many others inserted a few millimeters 
from the stipe, practically all equal, rarely forked near the tip, nearly 
plane, medium broad, subdistant to distant^ entire^ white to cremeous; 
spores ochroleucous in mass, broadly ellipsoid, distinctly but not prom- 
inently tuberculate, 1-guttulate, about 8 x 6m; cystidia none; stipe 
Bubequal, smooth, ^brous, milk-white, unchanpng, solid, 4 x 1.5 cm. 

Type collected by W. A. Murrill under oaks in woods at Gainesville, 
Fla., Nov. 17, 1938 (F 18S96). Near JZ. oilbididiformis Murrill but not 
striate nor milk-white and the gills are too distant. The name refers 
to the whitish surface and cremeous pUs. The flesh is firm like that oi 
Ttichdoma Russula. 


Lmdota truncatispora sp. nov. 

Pileo convexo-ejqNmao, umbonato, 1-1.6 cm. Uto, hiapido-tomentoao, fulvo, 
disco bsdio; aporia tnmoatia, 8 x 3-4 m; atipite fibtilloso, 4 x 0.3 

^eus convex to expanded with a broad umbo, gregarious, 1-1.5 cm. 
broad; surface dry, finely hispid-tomentose, fulvous, bay on the umbo, 
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mui^ eveo, entire to imdulate; context very thin, white, mild, the 
odor somewhat impleasant; lamellae free, rounded behind, medium 
broad, crowded, inserted, white, unchanging, the edges conspicuously 
too^ra; spores oblong, broad and obliquely truncate at one end, 
tapedng at the other, smooth, hyaline, 1-guttulate, about 8 x 3-4 m 
cj^dia none; stipe equal, fibmose, white, hollow, about 4 x 0.3 cm.; 
annulus median, white, fixed, slight or evanescent. 

Type collected by E. West and W. A. Murrill on the ground in mixed 
woods at Newnan’s Lake, Fla., Nov. 15, 1938 (F 18S96). The spores 
are peculiar and exceedingly abundant, varying only slightly in size 
or shape. 


CortinelluB formosus sp. nov. 

Pileo convexo-depresso, caespitoso, 5-^ cm. lato, testaceo, latericio- squamu- 
loBO, malodoro; lamellis albis, sporis 5-7 /tlongis; stipite concolori squamulosoque, 
6-^ X 1-2 cm. 

Pileus convex to slightly depressed, densely cespitose, 6-8 cm. broad; 
surface dry, pale-testaceous, conspicuously and densely decorated with 
elongate, latericious scales upturned and setose at the tip; context thick, 
firm, pallid, with a strong, disagreeable, earthy odor and taste; lamellae 
sinuate, inerted, narrow, about 6 mm., crowded, white to duU-yellow- 
ish, beautifully fringed on the edges; spores subglobose to broadly 
ovoid, smooth, hyaline, finely granular, 5-7 ju long; sterile margin^ 
cells fusoid, smooth, hyaline, abundant, cespitose, obtuse at the taper- 
ing tip, about 60-70 x 15-M stipe enlai^cd below, hollow, clothed 
and colored like the pileus, about 6-8 x 1-2 cm. 

Type collected by Erdman West in pine sawdust by a pond in the 
Cary Memorial Forest, Alachua CJo., Fla., Nov. 18, 1938 (F 18405), A 
striking and beautiful species with an unlovely odor (graveolens). The 
fringe on the gills is unusually fine. 

Melanoleuca adusta sp. nov. 

Pileo convexo-plano, 2-3 cm. lato, subumbrino ad isabellino, marginato; 
lamellis sinuatis, sporis ovoideis, 5 x 3 stipite oarnoso, rubro-brunneo, 3 x 
0.2-0.3 cm. 

Pileus convex to plane or umbilicate, ^garious, 2-3 cm. broad; 
surface pale-umbrinous yrhen moist, isabelline when diy, subglabrous, 
smooth, margin even, entile, becoming reddish-brown or darker as 
though scorched; context |llin, opaque-whitish, odorless, mild; lamellae 
sinuate, varying to adninied. ventricose, medium broad, inserted, 
medium distant, undulate^ pallid, scarcely changing when dried; spores 
ovdd, smooth, nyaline, 1-futtulate, about 5 x 3 m; C3rstidia none; stipe 
tapermg upward, fieshy, ImUoW/ finely striate, glabrous, reddish-brown, 
about 3 X 0*SM).3 cm. 
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Type collected by E. West and W. A. Murrill in soil under gaUberry 
bushes by a lake in Cary Memorial Forest, Alachua Co., Fla., Nov. 19, 
1938 (F 18401), Having the appearance of CoUyhia but with fleshy 
stem and very fragile cap. The dark margin is quite distinctive. 

Hydrocybe subc^acea sp. nov. 

Pileo oonvexo-subexpanso, gregario, 1.6-2 cm. lato, fiavo, disco luteo; lamellU 
subdeourrentibus, sporis 5 x 2.5 ft; stipite concolori, 3^ x 0.2-0.3 cm. 

Pileus convex to subexpanded, with a small broad umbo at times, 
gregarious, 1.5-2 cm. broad; surface rather viscid, smooth, glabrous, 
flavous tinged with luteous when young and at the center when mature; 
margin even, entire to slightly lobed; context very thin, flavous, odorless, 
mild; lamellae arcuate, short-decurrent, rather broad, inserted, medium 
distant, entire, pale-yellow, unchanging; spores subellipsoid, obliquely 
apiculate, smooth, hyaline, about 5 x 2.5 m; cystidia none; stipe sub- 
equal, often flattened, smooth, glabrous, concolorous or paler yellow, 
3-^ X 0.2-0.3 cm. 

Type collected by E. West and W. A. Murrill under hardwood trees 
at Newnan^s Lake, Fla., Nov, 15, 1938 (F 18374)* Near H, ceracea 
(Wulfen) P. Karst, but not striatulate and with different gill structure 
and smaller spores. 

Hygrophorus russuliformis sp. nov. 

Pileo convexo-depresso, 6-7 cm. lato, viscido, vinoso; lamellis angustatis, 
confertis, albis; sporis elongatis, 8-12 x 2.6 3.5/*; stipite subconcolori, 3-4 x 
1.6-2 cm. 

Pileus convex to depressed, gregarious, 5-7 cm. broad; surface viscid, 
fibrillosc-squamulose, vinosous at the center, lilac with vinose streaks 
on the margin, which is even, entire to undulate, incurved when young; 
context thick, firm, white, unchanging, odorless, mild; lamellae adnexed, 
rounded behind, narrow, inserted, crowded, entire, white, slightly 
purplish where bruised; spores oblong, obliquely apiculate, smooth, 
hyaline, granular, 8-12 x 2.5-3,5 m; cystidia none; stipe enlarged below, 
striate, solid, white at the apex and within, white streaked with vinosous 
below, about 3-4 x 1,5-2 cm. 

Type collected by Erdman West under an oak at Newnan^s Lake, 
Nov. 16, 1938 (F I8404). Suggesting Mdanoleuca RusetUa but with 
totally different spores. The dried specimens have a decidedly agree- 
able odor, like coconut candy. 

Hygrophorus subsordidus sp. nov. 

Pileo convexo-subdepresso, 6^ *om. lato, viscido, albo; lamellis adnexis, 
distantibua, sports 6 x 2 m; stipite albo, 3-4 x 1-2 cm. 
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PileUB convex to sli^tly depreawd, gregarious or scattered, 6-^ cm. 
broad; surface viscid out not slimy, smooth, glabrous, vrhite, miugin 
even, undulate or lobed; context thick, watery, vdiite, odorlera, mM; 
lamellae adnexed, narrow, inserted, distant, a few foriced midway, entire, 
white, unehan^ng; spores cyHndric, smooth, hyaline, granular, about 
6 X 2 M, some 7 x 3 m; cystidia none; stipe tarring downward, smooth, 
riightly pruinose at the apex, glabrous below, white, unchanging, 3-4 
X 1-2 cm. 

Type collected by E. West and W. A. Murrill in oak*pine woods at 
Newnan’s Lake, Fla., Nov. 15, 1938 (F 18403). Closely resembling 
B. tordidua Peck but with narrower gills and slenderer spores. 

NEW COMBINATIONS 

For those using Saccardo’s nomenclature the following new combina> 
lions are made: 

CortineUua formosua = Tricholoma foimosum 

Hydrocybe aubceraeea sc Hygrophorus subceiaceus 

Melanoletica advata = Tricholoma adustum 

Hbbb. Fu. Aobic. Expxh. Station, 

GA1NSBT1I.UI, Fla. 



NEW OR NOTEWORTHY BASIDIOMYCETBS 
Bt W. C. Cokbk 
Plates 34-44 


Saicodoa p^eratus n. sp. 


Plates 34 and 44 

Gregarious, sometimes fused either in stem or cap; cap up to 7.5 cm- 
broad, tending to be rather evenly circular but often more or less lob^, 
especially when fused with others; surface convex to plane with a central 
depression, delicately pruinose when young and remaining so on the 
whitish margin of older plants, smoothish or moderately scrobiculate 
in center and at maturity with radiating fibrous-looking ridges; color 
light straw drab, usually with zones of darker color toward the mai^in 
when mature; young plants not zonate Flesh not duplex, about &-7 
mm. thick near stem and 3 mm. thick at the blunt steme margin, 
markedly concentrically zonate, especially toward mai^in, concolorous, 
firmly fieshy-fibvhus and elastic but easily splitting radially. Taste 
strongly peppeiy; odor very faint, suggesting some (mnfectant, faintly 
of fenugreek in No. 10682. 

Spines 1.6 mm. long or less, densely crowded, pale drab brown then 
darker, tips remaining whitish indefinitely, strongly decurrent over 
entire exposed surface of stem. 

Stem irregular and usually more or less crooked, firm, solid, up to 2 
cm. thick in center, often somewhat enlarged at the insertion, broad 
and bluntly rounded below; no obvious rhizomorph; surface where not 
covered with spines concolorous with cap. Flesh homogeneous, firmer 
than in cap, concolorous, with distinct horizontal zones of darker color 
and interior near base often darker with blackish brown gmb-chaimels. 
All parts turn brown when bruised. In No. 10682 flesh of stem had a 
vinaceous tint and that of cap was olive m places. 

Spores (of No. 10683) brown with vinaceous tint (fawn color, Bidg.), 
subspherical, distinctly warted, 4.2-5.5 n. Basidia 4-spored, clavate, 
5-6.5 n thick. 

This species is clearly marked among the Barcodons and fieshy 
Hydnellums by its pale straw drab zonate cap, almost glabrous; very 
thidc margin; very short, drab brown, str<mgly deourrent teeth; thick 
blunt stem base; and strongly peppery taste when fresh. It resem- 

• 878 
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bles H, amareacena in the peppery taste, but easily differs in co1<h' of 
cap and flesh, very thick margin, blunt stem with usually enlarged base, 
and usual absence of fenugreek odor. 

North Carolina. Chapel Hill. No. 10383 (type, Univ. N. C. Herb.; 
also painting) . In cool deciduous woods, ^pt. 22, 1937. No. 10682. 
Mixed woods. Sept. 20, 1937. Spores distinctly warted, subspheri- 
cal, 3.7-4.5 x 4-6 No. 10687. In woods. Sept. 23, 1937. 
Highlands. No. 12249. In deciduous woods, Aug. 28, 1939. Spores 
warted, 4-5.4^ thick. 

Sarcodon cristatus (Bres.) n. comb. 

In open colonies or at times connate, convex to expanded, usually 
depressed in center, lobed and irregular, about 3-10 cm. (rarely 19 cm.) 
broad, when young covered with a creamy white plush, then becoming 
stron^y strigose hairy except near the margin, at times (after heavy 
rains) tiiis hair collapsing into a spongy pitted layer, color buffy brown 
to buffy straw or yellowish. Flesh up to 6 mm. thick near stem, firm, 
elastic, concolorous, zoned, not duplex except for collapsed hairs; odor 
strongly farinaceous, taste same at first, then soon quite peppery and 
astringent. 

Teeth when young brownish straw color, soon darker and then very 
dark, almost blackish brown with tips paler, up to 5 mm. long, shorter 
ones intermingled, close, terete, strongly decurrent. 

Stem centric or excentric, about 2.5-4 cm. long, 7-16 mm. thick, 
somewhat larger below or nearly equal, at times compound; surface 
concolorous with the appearance of leather, not thickened by spongy 
tissue, base blunt. 

Spores (of No. 10609) brown with vinaceous tint (good print), 
distinctly warted, subspherical, 3.8-4.2 x 4.2-5 n. 

Banker (Mycologia 6: 13. 1913) thinks this is the same as Hydnum 
acre Qu61et (Bull. Soc. Bot. Fr. 24 : 324-XXXII. 1877), but the 
latter’s figure does not suggest our plant, and Eea’s description (Brit. 
Basid., p. 632) differs from ours in a number of important characters. 
For photograph and spore drawings of the American plant, see this 
Journal 41 : pi. 52, and pi. 64, fig. 3, 1926. 

North Carolina. Chapel HUl. No. 10672. In cool ravine, dficiduous 
woods. Sept. 19, 1937. 

Highlands. No. 9019. On Mt. Satulah, July 31, 1931 (Heeler, 
coll.). Spores subspherical, warted, 3.8-5 m thick. No. 9831. 
On a buried root, Aug. 27, 1934. Spores rosy browm in thin print; 
subspherical, warted; 4-5 x 4.5-5.8 n. No. 10609. In rich humus 
of Ealmia-Bnododendron woods, Aug. 28, 1937. 

Also Nos. 0022, 9652, 9658, 9727, 10622, 10920, 12330 (in our herbar- 
ium.) 



1 ^ 9 \ Nisw OB Notbwoethy Basioiomycbtbs 375 

SarcodOQ mdohxs Banker 


Plate 44 

In my treatment of Hydnum amarescens (Jour. E. M. Sci. Soc. 41 : 
274. 1926) I considered Sarcodon roseolus as a synonym. Our fading 
of good fresh specimens of this species in the mountains of this state 
near the type locality shows that the two species can easily be separated 
by the mild taste, very thin flesh, much shorter spines, and paler, more 
rosy color of the latter [Banker, not having fresh plants, does not men- 
tion taste or odor]. 

A description of S. roseolus follows: 

Cap 2.6-3 cm. wide, plane, the center depressed, the thin margin 
incurving; surface dry, subshining, light vinaceous rose color, minutely 
tomentosc-squamulose; context homogeneous, fleshy but not brittle, 
only up to 4 mm. thick, concolorous, deeper vinaceous near stem; taste 
mild, odor faintly of fenugreek. 

Spines very short, up to 0.7 mm. long, not very close, concolorous 
with pale tips, then darker brown, slightly decurrent, soon fading to 
dots. 

Stem 3-3.6 cm. long, 4-5.5 mm, thick in center, tapering downward, 
base pinched to a sharp point, concolorous above, darker below, the 
sharp base deep blackish green, surface of stem glabrous to subpilose, 
punctate above by aborted teeth. 

Spores (of No. 10991) ‘^pale-brown” (Banker), irregularly angled and 
warted, subglobose in general outline, 3.8-5 x 4 6 ju. 

A beautiful and delicate little plant which seems to be very rare. In 
the dried state it is distinctly lilac brown all over, including the flesh. 

North Carolina. No. 10991. Pisgah Forest, Big Bear Pen Creek, 
Aug. 23, 1938. 

Sarcodon brevipes n. sp. 


Plates 36 and 44 

Cap up to 12 cm. broad, centric or excentric, depressed in center with 
expanded margin drooping and irregularly lobed and sterile for about 2 
mm., surface quite smooth and glabrous, dull, grayish brown in center 
with somewhat reddish tint, much paler toward margin which is brown- 
ish straw, zoned with color. Flesh thin, homogeneous, nearly white, 
slowly turning light brown when cut, up to 7 mm. thick near stem, 
firmly fleshy, almost tasteless and odorless; brittle when dry. 

Teeth close, light cream when very young, becoming slowly clear 
brown with pale tips, total effect gray-brown, snort, up to 2-3(-4) mm, 
long, decurrent, in some cases* all the way to the ground on the side. 
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Stem rather aborts about 4-5 cm. long and 1-2.2 cm. thioli^ quite 
irregular in bofb shape and thickness, crooked, base bent and pointed; 
Sesb verjr firm, ooacolorous with that of the cap except in the bent base 
where it is UgM smoky Ulac, becoming darker mter being out; also li^t 
lants of Mae in the cut stm above the base after standing a wl:^. 
There me several distinot horiaontal aonaUons in the stem flesh. 

Spores (of No. 10253} brown, bluntly and irr^larly waited, 3.6-4.2 
X 4-5.2 M. 

This species, both in the frrah and dried state, approaches nearest 
Hydndlum humidim, from which it differs in the much larger and fewer 
warts on the spores, smooth cap, in the pointed stem base with its 
smoky lilac flesh, and in the change to light Mac of the stem flesh 
throughout alter being cut; also the spines are at least half again longer 
and are decurrent over the whole exposed part of the stem in all four 
specimens of the collection. 

North Carolina. Highlands. No. 10253 (type, U. N. C. Herb.). 

Under hemlock hedge by Ravenel Lake, Aug. 28, 1936. 


Svcodon gravis n. sp. 


Plates 35 and 44 

Plant irregularlv expanded, tending to be disk-shaped, excentrically 
attached by a thick root which tapers gradually or quickly into a thread- 
like rhisomorph. Cap large, heavy, up to 14 cm. broad, surface when 
quite fresh grayish fawn in center, pure white toward margin, which 
oecomes more or less light yellow on exposure; surface more or less 
nodulose and pitted but not harshly scrobiculate, delicately velvety, 
not sonate; in old plants central region becoming very dark brown. 
Flesh not duplex, up to 3 cm. thick in center, tapering toward margin 
which suddenly becomes a mere membrane, sometimes inrolled in 
drying, pallid translucent mottled with more opaque areas when soaked, 
becoming deep olive green toward center, very distinctly zonate from 
margin to stem, passing into the firmer deeper bluish black root, which 
is up to 2 cm. thick at top and tapering into a single ropy rhisomorph 
about 1.5 mm. thick; taste none, odor faintly aromatic, not unpleasant. 

Teeth densely crowded, up to 1 cm. long, not very sharp, pale gra^h 
brown when young, tips vdiite, becoming dark brown then blackish in 
age, turning brown when rubbed. 

No true stem present, the plant being sessile on a subterranean root. 

Spores (of No. 10563) a peculiar dun color or buffy drab, irregularly 
and bluntly warted, 3.6-4, 2 x 4-5.2 ii. 

North Carolina: Hi|d>l<^)i(l<3' No. 10563 (type, U. N. C. Herb.). By 
road arotmd Ravenel LiUce, Aug. 19, 1937. 
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Bifdiuim tlbidiia Peck. Bull. N. Y. St. Mus. 1, No. 2: 10. 1887. 

Plates 36 and 44 

In tte Mitchell Journal for April 1926 we discussed the confusion 
in regard to H. aUndum, Since publishing this note, we have through 
the kindness erf Dr. Homer D. House examined the spores from all the 
plants of H. albidum in the type collection from Sandlake, N. Y., at 
Albany, and we find that in some way there has been a mixture with 
larger spores. However those taken from the teeth were small, agreeing 
with Peck's measurements. Further collections and studies at High- 
lands, N. C., clearly indicate the distinction between H, albidum and 
H. repandum. 

A full description of the true H. albidum as it occurs in our mountains 
follows. 

Cap 1-7 cm. broad, more or less plane, irregular, often lobed, hy- 
grophanous, not viscid, delicately felted, becoming smooth, nearly 
chalk white at first, then creamy with orange stains where rubbed. 
Flesh up to 7 mm. thick near stem, pure white, turning orange when 
cut, firm but tender; taste quite mild, odor none. 

Teeth up to 6 mm. long, white, sharp, close, often decurrent on one 
side but not all around. 

Stem very vaty^ie in thickness and length, such as 5 x 1 cm., 5x2 
cm., 2 cm. x 3 mm., etc., usually excentric, sometimes central or when 
growing on banks often quite lateral, crooked and irregular, surface 
glabrous; fiesh like that of cap, quite solid, white but like all other parts 
quickly turning buffy orange when cut or rubbed; base of stem rounded, 
not rooting. 

Spores (of No, 8931) pure white, small, oval, smooth, 3.5-4 x 4-5.2 

The species differs from H, repandum in the much smaller spores 
(spores of the latter about 5.5“6.8 x 7-8.5^), usually much smaller size 
of plant, and whiter color. In both species all parts turn orange when 
rubbed or crushed. Qu41et has described a white form of H. repandum 
as var. album. To this we have referred a plant from Tennessee (Hesler, 
No. 10984). 

North Carolina. Highlands. No. 8782. In mixed woods above 
Harbison's Lake, July 20, 1931. No. 8836. By Ravenel Lake, 
July 23, 1981. Spores 3.4-3.7 x3.7-4.2m. No. 8852. By Ravenel 
Lake under rhododendrons, July 23, 1931. No, 8931^ As above, 
July 27, 1931. No. 9000. In low mossy woods, July 30^ 1931. 
No. 12002. In rich soil by Ravenel Lalce, under hemlock and 
rhododendron, July 9, 1939. Spores pure white, about 3.7 x 4.5 

Transylvania County. little Toxaway Falls, No, 7635. Under 
overhanging ro^, July 8, 1926. Spores 3.6-4.2 x 4-6.4 
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PheUodoii Hetl«ri n. sp. 


Plates 37 and 44 

Cap up to 12 cm. broad, more or less concave, much lobed and often 
with proliferating caps from any point on the surface, maiginal ring of 
new growth up to 1.5 cm. wide, pure white when quite fresh, soft felted, 
taking the imprint of a finger, older areas deep brown to buffy brown 
and subshining. Flesh of lobes zonate, thin, 3*3.5 mm., spongy surface 
layer very thin except on growing marginal area where it is up to 3 mm. 
thick, hard layer brown; taste none, odor when fresh strong but not 
unpleasant, variously judged as that of melilot or slippery elm, when 
dry odor of fenugreek. When dry the plant is rigid-elastic and not 
very brittle. 

Spines short, up to 2.5 mm., blunt, dense, nearly white, then pale 
gray-brown. 

Stem subcentral or by abortion lateral, brown, stout or rather slender, 
up to 3 cm. thick above ground, the blunt base more or less enlarged 
by the spongy layer, which above the substratum is very thin; central 
core hard and concolorous. 

Spores (of No. 12240) pure white, minutely spiny-warted, sub- 
spherical, 3.7-4.5 n thick. 

This striking plant is nearest PheUodon putidw, from which it differs 
in the much thinner spongy layer, barely more than a membrane except 
on the growing noargin, the subshiuing surface except on margin, instead 
of the dull plushlike surface of P. putidus, and larger size and more 
proliferations, as a rule. Another peculiar difference is that in putidus 
the very thin hard layer of cap and stem is in almost all collections 
largely chamelled by grubs, leaving it almost black. This is not the 
case in the present species. PheUodon putidus is also far less conspicu- 
ously zonate except in rare cases, usually not zonate at all, whereas the 
present species has always a conspicuous zone where the soft surface 
lajrer of the margin has collapsed. The odor of putidus is more un- 
pleasant. 

We take pleasure in naming this species for Dr. L. R. Hesler of the 
University of Tennessee, who brought in the first specimen in 1932. 

North Carolina. Highlands. No. 12240 (type, U. N. C. Herb.). 
Under dense rhododendron by road near Shortoff Mt., Aug. 27, 
1939. No. 3498 (Hesler, coll.). On soil, Mt. Satulah, Sept. 4, 
1932. Small, delicate specimen. No. 12382 (Hesler, coll.). On 
soil, frondose woods, Mt. Satulah, Aug. 31, 1939. 
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HydneUnm lidzopes n. sp. 


Plates 38 and 44 

Plants medium to small, usually confluent above or throughout to 
near the root, more or less amorphous, expand^g upward; individual 
caps up to 5.5 cm. broad, surface nearly plane to depressed in center, 
not zonate strigose-hairy to spongy-tomentose, irregular and pittcKi, 
reddi^ brown, margin blunt, paler when fresh and quicUy turning 
blackish when bruised. Flesh concolorous, not zonate, duplex, the 
spongy layer thick and extending deep into the center, hard layer very 
thin; odor and taste pleasantly acid, no fenugreek. 

Teeth short and stout, up to 2.5 mm. long, sharp-pointed, strongly 
decurrent, color of cap, marginal ones paler. 

Exposed stem short, irregular, usually complicated by fusions, indi- 
viduab up to 1.3 cm. thick, deeply penetrating the humus, surface not 
spongy but flesh firm throughout except in the rooting part which is 
covered with a thin paler spongy layer, not in any sense really bulbous, 
tapering at the end to a small white rope-like strand. 

Spores (of No. 8897) pale brownish under the microscope, irregularly 
angled and warted (relatively few warts in outline view), 4-5.4 x 5-6.2 m, 
with a single distinct oil drop. 

North Carolina. Highlands. No. 8897 (type, U. N. C. Herb.). 

In chestnut-hemlock mountain woods, July 2i, 1931. 

Hydnellum loitgidentatum n. sp. 

Plates 39 and 44 

Cap flabelliform from a rather distinct, irregular lateral stem about 
4 cm. long, 1 cm. thick, 2 caps from 2 stems fused below, the cape them- 
selves fused laterally but not below and proliferating at the area of 
fusion (about 4.5 cm.) into a fresh new cap without a stalk; total spread 
of both caps 13 cm. Individual cap expanded, 6.5-7.5 cm. wide, about 
4.5-5 cm. long, margin blunt, surface much roughened and channelled 
radially, soft-tomentose on the margin of the fresh cap, soon collapsed 
into a soft felt; color when fresh pinkish white on the margin, then 
huffy pink to darker bufty brown to nearly black in age, the fresh 
marginal area staining a distinct watery red when rubbed and when 
quite fresh exuding droplets of the same color. Flesh homogeneous 
except for the felt, sordid white, very fibrous and elastic, about 4 nun. 
thick, obscurely zonate horizontally as rings of growth; taste slight; 
odor mildly fragrant, to most individuals having a combination of 
celery and fenugreek. 

Sfflnes up to 11 mm. long, gradually shorter toward the sterile margin, 
descending the stems to the point of fusion, very close and remarkable 
in the fact that the bases are so compacted as to appear fused in older 
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pgrto, points sharp, color blackidb gray with tint of purple in the ftoAat 
parte, the tips not lighter, the purple replaced by bromueh in the older 
parte. 

Spores smoky buff, irregularly angled and warted but not spiny, 
Bubia|dierioal in general outlme to more elongated, 8.5-4 x 4-4.8 /n. 

A remarkable species. The two older caps as well as the younger one 
were still throwing qpores. On the tide of one of the older caps are 
two additional small proliferations, also with young spines. The grow- 
ing cap grows around twigs as in most Hydnums. Thia is a HydneUum 
but the form is different frOm any we have seen. It is strictly flabelli- 
form with a lateral stem and proliferating habit. It is apparently 
annual, forming new caps at favorable growth periods during the season. 

This species seems most like H. humidum, but the smaller spores with 
fewer and thicker warts, the long teeth without white tips, peculiar 
color, red juice, and the form of growth easily distinguish it. Our 
spore measurements of H. humidum in this Journal 84 : 191, 1919, are 
tM small. By careful remeasurement they are 4~5 x 4.2-6/*. The 
drawing on plate 29, vol. 34, is correct. 

North Carolina. Highlands. No. 9689 (type, U. N. C. Herb.). On 
an exposed root, lying on the ground in deep rich mixed woods 
(Rhododendron, hemlock, etc.), Sept. 1, 1932. 

KBT TO THB SrSCIBS OF FLESHT 8TXPITATB HTDNUIIB OF THE EASTERN 
UNITED STATES* 

Spores colored (brown, fawn, etc.), warted (Sarcodon) 

Cap distinctly scaly at maturity, dark brown 

Stem not pointed and not blackish green at base; teeth long (up to 1 cm. when 

mature) 5. imbriccUt^ 

Stem blackish green at base 

Teeth shorter (up to 5 mm.); flesh very bitter S. fennictis 

Teeth very short (up to 1 mm., rarely 1.5 mm. when dry); plants usually 

infundibuliform S, MurriUii 

Cap hairy at maturity, color tan to ochraceous; spores 3.7~4.8 x 4~5.5/i 

8. crUtaixu 

Cap inherently scaly (no free scales except delicate ones in center), light brown 
to fawn; stem tapering to a fine point which is pure white at base ; teeth up to 

2 mm. long; flesh mildly bitter; spores 5.5-6.5 x 6.8<^7.8/i 8, Underwoodii 

Cap smooth to pubescent or felted, not scaly (but may be channelled in some 
species) 

Young teeth violet 8, fuliginto^dtaceru 

* 8arcodon Blaekfordae from New York and 5. airoviridis from Alabama are 
omitted, as I have not seen them. 
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Yomic tetth not violot 
Bate of fiein thiok and blont 

Spores over thick; taste mild or bitterish, not strongly peppery; plant 


usually large 

Cap pale flesh oolor 5. aeabripes 

Cap grayish tan to drab 8, fumoauB 

Cap brown 8, imbricaitia (old smooth forms » 8, loevigaiua) 

Spores less than thick 

' Taste strongly peppery 8. piperalua 

Taste not peppery 


Teeth short, up to 6 mm., their tips pale Hydnellum humidum* 

Teeth long, up to 11 mm., their tips concolorous H. longidentatum 

Base of stem tapering to a slender, smoky purple or smoky green root 
Flesh of cap and stem vinaceous 

Taste strongly acrid and astringent. 8. amareacena 

Taste mild 8, roaeolua 

Flesh of cap not vinaceous (stem flesh may be tinted lilac) 

Flesh thin (up to 7 mm.), not sonate, whitish 8. brevipea 

Flesh thick (up to 3 cm.}, zonate, greenish toward center 8. grapia 

Spores white, warted or echinulate; cap not scaly (anomalous) f 
Plants large, heavy; teeth 5~8 mm. long. . .8, fvligineo-alhua (» S. retictdatua) 

Plants smaller but Arm and solid; teeth 1-2 mm. long Phellodon camoana 

Plants very small, soft and delicate; teeth up to 1.5 mm. long — P. delieatua 
Spores white, smooth; cap not scaly (Hydnum and Siatotrema confluena) 

Cap white; plant large and heavy; stem very short; spores subspherical, about 

6.5-3^ Hydnum aXbo-magnum 

Cap buff to cream, turning orange when rubbed; plants usually of medium size; 

spores subspherical, about 6.5-3m ff. repandum 

Cap white to cream, turning orange when rubbed; plants small to medium; 

spores 3.3-8.7 x 3.8-5.2^ H. alhidum 

Cap white, buffy when rubbed, very small and delicate; hymenium of irregular 
plates and teeth; spores very small, about 2 x 4.5m • ■ Siatotrema confluena 
Spores pink, warted {Hydnodon) 

Cap not scaly, soft and delicate, very thin Hydnodon thelephorum 

Coltricia Memmingeri Murrill 

Plates 40 and 44 

In the Bulletin of the Torrey Botanical Club 81: 347, 1904, Murrill 
described CoUricia Memmingeri from clay banks at Blowing Rock, N. C., 
and it has not been reported since. He described the cap surface as 
^'ornamented with long imbricated scales.” When I fii^ found the 
plant at Highlands, N. C., in August 1938, 1 could not refer it to Mem- 

* The distinction between Sarcodon and species of Bydndlum with flesh not 
duplex is unsatisfactory. 

t Bee note under PheUodon eamoaua (this Journal 41: 277. 1926). 
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mingeri as the cap had no agn of scales but was plush-like as diown on 
{date 40 (below). Of the four later collections, three were like the first 
and one had scales as described by Murrill (pi. 40, above). In all 
characters except the presence or absence of scales, all these collections 
were alike. In September of 1939 1 compared Murrill’s type at the New 
York Botuiical Garden with those from Hii^ilands. We could find only 
one plant but this was marked “type." The surface was not shaggy but 
quite smooth like all of our collections except one. Spores of the type 
were larger than the measurements given by Murrill and agreed with 
those of our plant. 

A description of the species as we find it follows : 

Plant massive, irregular, often confluent-complicated. Cap thick, ill 
defined from the stem, subcircular to irregularly lobed, surface convex 
or irtegularly plane, nearly even or channelled and tuberculate, usually 
smooth and plush-like to tomentose, less often with conspicuous sub- 
erect fibrous scales over most of the central region; color deep russet 
brown except for the much paler growing margin which is blunt and 
turns deep brown when rubied. Flesh concolorous, not zonate, soft- 
corky above, becoming gradually firmer downwa^ and somewhat 
darker in the stem, strongly bibulous. 

Tubes up to 5(-8) mm. long, mouths very irregular, often radiate- 
elon^ted, large, often jagged, whitish when fresh, then brownish drab, 
small ones on margin color of cap. 

Stem very variable, more or less amorphous, at times compound, 
sometimes draply rooted and with irregular thickenings underfund, 
a^ain spreading out at the base on the surface of the soil into a thin disk 
with the surface texture of the cap. This disk may have no extension 
into the soil except the delicate mycelium. ' 

Spores (of No. 11011) brownish, oval to short-elliptic, smooth, 
4.4-4.8 X 8-^.3 M. 

North Carolina. Highlands. No. 11011. In rhododendron woods 
near a spring, Aug. 30, 1938. No. 12082. Same spot as above, 
Aug. 4, 1939. No. 1^92. On bank by road, Havenel Lake, 
Aug. 5, 1939. No. 12212. On bank at foot of Sunset Rock, 
Aug. 22, 1939. Spores smooth, oval, no visible mucro, 4.8-5 x 
8-9.3 At. No. 12252. On gravelly bank by road, Aug. 29, 1939. 
Spores 4r4.6 x 8-9.3 n. 

Clavaria vemalis Schw. 


Plate 41 

Since the publication of our book on Clavarias, one of our students, 
Mr. James Doubles, has found a populous colony of this species about 
two miles north of Pinehurst, N. C. (No. 11059, Nov. 13, 1938). The 
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plant was growing on a sandy bank, associated as usual with a uni* 
cellular alga and moss protonema, and the delicate mycelial threads 
about could be seen surrounding the algal cells, as before illus* 

trated by us (Clavarias, pi. 92, figs. 3-7). 

Peck’s illustration, as C. clomta, is a drawing and Burt’s is a photo* 
graph of the dried plant. As no photograph of the fresh plant has been 
published, we herewith include one. 

Clavaria constans n. sp. 


Plate 44 

Plant narrowly club-shaped, never branched, up to 9 or 10 mm. high, 
stalk about 2.5-3 mm., watery white, scarcely different from the club 
except in color, quite glabrous, about 0.5 mm. thick; club enlarging 
slightly upward to near the top and there about 1 mm. thick, then 
gradually tapering to a rounded tip; very pale creamy white, subtrans- 
lucent; texture toughish and pliable, both stem and club bending on self 
without breaking. When fresh, base of stem slightly enlarged but when 
dry no sign of a mat. 

Spores white, rod-elliptic, slightly curved, 1. 8-2.6 x 7.5-11 /x, most 
about 8.9 M long. Basidia 4-spored, about 7.5 x 11 n. Threads of stem 
about 3-4.8 /u tnick, cells very long; clamp connections not seen. 

All the plants in this colony (estimated at about 4000) were quite 
strict and simple and very nearly the same height; the colony extending 
for about 18 feet in length and one foot wide, all plants separate and 
about i to i inch (more or less) apart. The smooth bank on which they 
grew had evidently not been disturbed for some time, probably several 
years, and had a greasy, pale drab appearance as if some organism might 
be present, but careful search for an alga in this surface layer revealed 
nothing but amorphous granular material of a pale yellow color, pos- 
sibly bacteria, but no growth appeared when efforts were made to cul- 
ture it on agar. 

In drying plants shrink to about 5-6 mm. long and i mm. or less 
thick (much smaller than vemdlis), dull cartilage color, usually with a 
little pure white apical point or cap; stem paler. 

The species is obviously nearest C. vemalis and C. mudda which it 
strikingly resembles in its ^occurrence in populous colonies and in small 
size. It differs from both of these in growth on soil unattached to algae, 
also from vemalis in narrower club and much paler color both when 
fresh and dry, and fifom mudda in more uniform size, strictly simple 
habit, apex not becoming red or black (white on drying) and in the 
longer spores. 
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Hig^landii, N. C. No. 10431 (type, U. N. C. Herb.). On a bank 
by Kalalanta Ti^, July 28. 1937. Nos. 10788 and 11016. Same 
spot as above, July 12 and Aug. 30, 1938. 

CSavark Pogoiiati n. sp. 


Plates 41 and 44 

Plants single in small colonies on earth covered with protonema of 
Pogonaium brevicavle. Sometimes quite simple, but much more com- 
monly branched once, twice, or even three times, sometimes at or near 
the ground; slender, filiform and subterete throughout except some- 
what flattened at the forks, no distinction between base and branches; 
color pallid white; very pliable and tough; about 1-2.3 cm. high and 

3.5 mm. thick, tips acute; flesh solid, of veiy slender interwoven threads 
with clamp connections. 

Spores (of No. 10907) smooth, subelliptic, often with the proximal 
end subtly curved, 4.2-3.4 x 11-13 At. Basidia 4-spored, about 

9.5 At thick. 

This little plant adds a fourth species to the well marked mveida 
group, as shown by its association with a living green plant, its separate 
units in considerable colonies, its tough texture, and its smooth elliptic 
spores. It differs from C. mucida and from C. eomtana in the much taller 
and more branched habit, large spores and association with the proto- 
nema of PogoTuUum. 

North Carolina. Macon County. No. 10907 (t 3 rpe, U. N. C. Herb.). 
In rich deciduous woods, Coweeta Experimental Forest, elevation 
3200-3400 feet, Aug. 12, 1938. 

Clavaria mfipes Atk. Ann Myc. 6 : 57. 1908. 

Plate 42 

This species has been known heretofore only from Ithaca, N. Y., 
and Blowing Bock, N. C. We published drawings of the spores and 
basidia in our Clcmria book, but the fresh plant body has never before 
been illustrated. Burt shows a single dried plant (Ann. Mo Bot. Card. 
9: pi. 6, fig. 43. 1922). 

Our Chapel Hill collection adds somewhat to the recorded stature of 
the plant, and we give below our notes on it. 

Plimts about 10-15 mm. high, simple clubs about 1.5 mm . thick or 
branched near the top into two • or several antler-like processes with 
rounded sinuses, flattened upward, tapering to a terete stalk which is 
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not obvioiisly delimited from the h^rmenium. Color dull white or 
straw. Texture fairiy tender and easily broken but not brittle. 

Spores white, smooth, pip-shaped to oval, 3-3.7 x 4-5 ai. Basidia 
about 5 n thick and 23-30 n long. 

The dried plants shrink to mere threads and are very dark. They 
agree very well with C. rufipea except that the base is not rufous. 

North Carolina. Chapel Hill. No. 9821. On bare damp soil under 
a rose bush, Sept. 26, 1934. 

ClAvariabiformis Atk. Ann. Mycol. 6: 56. 1908. 

Plate 44 

Plants often in extensive colonies, varying from quite simple to 
several times dichotomously forked, rarely irregularly branched, forks 
open, growth distinctly crooked, very few of the plants being strict; 
no clearly distinct stem; entire fruiting part compressed except at times 
in the entirely simple plants; color Tight buff except the paler tips; 
texture very elastic, not breaking when bent on self; odor none. When 
diy the entire plant brown, tips usually paler. 

Spores (of No. 10534) pure white, smooth, 2.5-3.4 x 3.7-5 m- Basidia 
clavate, 4-spored, 4.S-6.5 it thick and about 2.6 m long. 

The compressed habit of the entire fruiting part is a peculiar char- 
acter. The plant has previously been found by Atkinson at Blowing 
Rock, N. C., and at Ithaca, N. Y. 

North Carolina. Highlands. No. 9501. On very rotten deciduous 
wood and humus, Aug. 13, 1932. No. 10534. In leaf mold by 
road, Aug. 16, 1937. No. 10567. In humus, mixed woods by 
trail, Aug. 22, 1937. 

Clavaria subcaespitosa Peck. Bull. N. Y. St. Mus. 167 : 39. 1913. 

Plates 43 and 44 

Plants usually clustered with several slender distinct or i»rtially 
fused stems arising from the ground; clusters up to 7.5 cm. high and 
4.5 cm. broad, branching prevailingly dichotomous with open angles, 
the lower spreading, upper strict and very numerous, mostly flattened 
in plane of branching, ultimate branches usually long, tips sharp, color 
pure translucent white when young, the lower ones soon becoming tan 
with tints of flesh, stems remaining white and somewhat pulvement 
in places. Texture distinctly brittle and delicate, so much so that the 
plants can hardly be handled without breaking, in this respect differing 
from all other species we know with somewhat similar habit and appe^ 
ance. The entire plant when young and upper part when older with 
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distinctijr Imnduoent appearance. Taete mildly woody acrid; odor 
slij^tly woody< Bruises or old wounds somewhat fleshy or lavender 
brown. 

Spores pure white, subspherical to more elongated, 3.6-4 x 4-5.6 m, 
findf^ to distinotly waited, more so around the larger end, just as in 
our illuBtration of Ihe stores of the type in our Clavaria book. Basidia 
4-cqTOred, about 7.5 m thick, sterupnata short; hymenium homogeneous 
wiuiout cystidia, about 70 m thick. 

The species is distinguished by the tufted habit, extremely fragile 
texture, translucent white color becoming buffy in places, and by the 
spores. Our Chapel Hill collection was from a beautiful colony of 
many tufts arranged more or less in rows in rich humus in a deep cool 
ravine. It is interesting to note that it grew not far from a flourishing 
colony of Medeola virginiana, a rare plant so far from the mountains. 
Clavaria eaeapUoaa has been known heretofore only from Massachusetts 
and Vermont. It has not been illustrated in the fresh state. For the 
dried plants, see Burt (Ann. Mo. Bot. Gard. 9: pi. 7, fig. 54). 

North Carolina. Chapel Hill. No. 10653. In rich hillside woods, 
mostly deciduous, west of University Lake, Sept. 10, 1937. 

Jackson County. No. 10931. In damp deciduous woods, Whiteside 
Cove, Aug. 17, 1938. Spores subspherical, minutely waited, 
about 4 X 4.5 fi. 

Dbpabtmknt of Botany, 

Univbbsitt or North Carolina, 

Cbafbl Hill, N. C. 
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KXPLANATIOX OF PLATE 44 
Figuro 11 by L(*lan<l Shanor: all others by Alma Holland 

Fig. 1. Spores of Sar codon pi per at ua, Xo. 10683. X 1620. 

Fig. 2. S. roNeohis. No. 10001. X 1620. 

Fig. 3. S. hreripes. Xo. 10253. X 1620. 

Fig. 4. S. gravia. Xo. 10563. X 1620. 

Fig. 5. Hydnum alhidum. Xo. 8031. X 1620. 

Fig. 6. I^hvllodon Heslcri. Xo. 12240. X 1620. 

Fig. 7. IJydnellum rhizopis. Xo. 8807. X 1620. 

Fig. 8. Hydnellutn longideritatum. Xo. 0580. X 1620. 

Fig. 0. Coltnria Meinnungi n. Xo. 12212. X 1620. 

Figs. 10 and 11. Hasidia of (\ Mentnnngtri, sliouing variations. X 810. Fig. 

10, Xo. 11011 (siiKtoth cap); Fig. 11, Xo. 12212 (sealy cap). 

Fig. 12. (Havana consians. Xo. 10451. X 1620. 

Fig. 13. Habit sketch of (\ roH^taua. Xo. 10451. X 3.4 
Fig. 14. (\ l*ogortnti. Xo. 10tK)7. X 1620. 

Fig. 15. C. hifonnii^. .No. 10531. X 1620. 

Fig. 16. Habit sketch of (\ hifortnis. Xo. 10534. Keduced one-fourth. 

I'ig. 17 (\ sid)raespjtosa. Xo. 10653. X 1620. 




PLATE 34 





PLATE 35 



(Above) Sarcodon gravis. No. 10563. X i 
(Below) Sarcodon brevipes. No. 10253. X i 





Hydnum alhidum \o 12002 
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PLATE 41 



Clavarta Pogonati No 10907 (type, left), No 10908 (right). Nat. size 
Clntaria virnalis. No 11059 X 7 
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A NEW GENUS OF THE BHIZIDIACEAE 
By Hiden T. Cox 

Plates 46 and 46 and One Text Figure 

In some collections of water and debris made during the fall of 1938 
from the swamps around Florence, S. C., there appeared an interesting 
ch 3 rtrid remarkable for its long sporangiophores terminated by a globose 
or ellipsoid zoosporangium. Moreover, the spores were unusual in that 
each possessed not a single large refractive body as is the usual case in 
the chytrids, but contained several globules arranged in a lunate ring 
toward its posterior. 

Certain similarities between this fungus and forms of the Monoble- 
pharidales and the Blastocladiales were immediately apparent, suggest- 
ing the possibility that here might be a link coimecting these orders 
with the lower Chytridiales. 

The peculiar sporangiophores and spores seemed to warrant the erec- 
tion of a new genus, tentatively placed in the Rhizidiaceae. To em- 
phasize the club-like appearance of the sporangiophores, the name 
CUwochytridium is proposed. Since entrance into the dead host tissue 
is effected through a stoma, the species is being named Cl, stomophilum, 

description of genus and species 
CLAVOCHYTR iDiuM Couch and Cox gen. nov. 

Thallo monocentrico, eucarpico, rhizomycelio intramatricali atque 
zoo^orangio extramatricali praedito. Zoosporangiis sessilibus vel 
stipitatis, una vel pluribus papillis dimissionis praeditis. Zoosporis a 
tergo uniciliatis, duobus usque ad aliquot corpusculis refractis praeditis, 
plane formatis emergentibus atque mox natantibus. Systems rhizoide- 
orum bene aucta, interdum septate vel constricta; ad maturitatem per- 
ducta, pariete transverse ex zoosporangio divisa. Parietibus non 
caeruleis, chlor^oddde of zinc infusis, 

Thallus monocentric, eucarpic, with an intramatrical rhizomycelium 
and an extramatrical zoosporangium. Zoosporan^a sessile or stalked, 
with one or more exit papillae. Zoospores posteriorly uniciliate, with 
two to several small refractive bodies, emerging fully formed and swim- 
ming after a few seconds. Rhizoidal system well developed, sometimes 
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septate or constricted; delimited from the zoosporangium by a cross 
wall at maturity. Walls not turning blue with chlor-iodide of zinc. 

Clavochytridium stomophilum Couch and Cox sp. nov. 

Thallo monocentrico; omne thallo, ad maturitatem perductO; ex crasso 
rhizomycelio intramatricali atque zoosporangio extramatricali con- 
stante. Rhizoideis profusius ramosis, interdum constrictis vel septa- 
tis; ramis extremis ultimis partibus obtusis praeditis. Zoosporan^s 
globosis vel ovatis vel ellipsoideis vel cylindriciS; sessilibus vel stipitatis; 
stipite in longitudine diverse (usque ad 316 m)- Sporis singillatim ex 
una vel pluribis papillis exeuntibus, atque mox natantibus. Sporis a 
tergo uniciliatis (cilio in longitudine 36 usque ad 50m), 3.5m usque ad 
6.6m, globosis vel ellipticis, duobus usque ad duodecim corpusculis 
excentricis refractis praeditis. Vacuo sporangio hyalino, in superficie 
hospitis mortui permanente. Sporis perdurantibus non notis. 

Thallus monocentric; each thallus at maturity consisting of a coarse 
intramatrical rhizomycelium and an extramatrical zoosporangium. 
Rhizoids more or less profusely branched, sometimes constricted or 
septate, the ultimate branches with blunt tips. Zoosporangia globose, 
ovoid, ellipsoid or cylindrical, sessile or stalked, the length of the stalk 
variable (up to 320m). Spores escaping singly from one or more exit 
papillae, remaining motioriess or becoming amoeboid for a few seconds 
at the mouth of the sporangium and then swimming away. Spores 
posteriorly uniciliate (length of cilium 36 to 50m), 3.5 X 6.5m, ovoid or 
elliptical, with two to twelve small exccntric refractive bodies. Empty 
sporangium hyaline, persisting on the surface of the dead host. Resting 
spores unknown. 

Saprophytic on boiled com and grass leaves put in water collections 
from swamp by Kirby's Tavern, 3 miles from Florence, S. C. 

This fungus is characterized by the peculiar structure of the spore 
which lacks the single spherical globule of the typical chytrid, having 
several small globules instead, the stalked sporangiophores, the lack 
of cellulose, and penetration through the stomata. 

ISOLATidN AND CULTURE 

The methods used in the isolation and culture of this fungus are 
essentially those described by Couch (1939). 

The fungus was got into pure fungal culture by using the following 
method: A single sporangium, along with a minute piece of corn leaf, 
was cut away and carried by means of a sterile needle to a drop of 
sterile charcoal water m a sterile Petri dish. In the drop of water had 
previously been placed a small piece of boiled com leaf. When the 
spores had been discharged and had begun to germinate on the leaf, the 
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entire leaf was transferred to another sterile dish with enough water 
to insure against the desiccation of the fungus. 

A more precise technic is the isolation of a single spore on agar. After 
a single sporangium has been cut away it is carried by means of a sterile 
needle, or a sterilized capillary pipette, through several successive drops 



TUT TIG. 1. VAG1ATI0N5 IN aPOGANGIAL 3UAPC. AMD 
mi IN CUVOCI4YnilDIUM STOMOPUIIUM 

of water in order to rid it of as many bacteria as possible. During this 
process the wide field binocular (40 to lOOx) was used. After the 
sporangium has been cleaned it is allowed to remain in the drop of water 
until the spores have been discharged. Then, using the capillary 
pipette, a drop of water containing spores is drawn up and blown onto 
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the Buzfaoe of a idate of plain agar. To insure wide distribution of the 
spores the water is made to run the width erf the agar plate several times 
by tilting it back and forth. Ten or twelve hours later the sporangia 
vdll have reached such a nze that they may be located easily with a 
binocular, and somewhere on the plate there should be several sporangia 
free from bacteria. One of these may be cut away with a small cube of 
agar by using a dissecting needle filed into a spade-shaped tool. This 
sporangium descended from a single spore is placed in a drop of water 
containing a leaf of com and allowed to discharge its spores. Upon 
spore germination the dish is flooded with water. This culture has the 
advantage of being both unifungal and bacteria-free. 

Another method used successfully is the dilution method by which a 
. angle spore may be isolated. As above, a single sporangium is cleaned 
and placed in a drop of water until the spores have been discharged. 
While the spores are swimming about, a small amoimt of the water is 
drawn up in the capillary pipette. Additional sterile water is added 
until the volume of water in the pipette is about ten times the original 
amoimt. With the aid of the binocular the spores may be made out 
swimming in the pipette. The pipette may be broken in such a way 
that a single spore is captured in the broken tube. This may be placed 
in the usual drop of water with a com leaf imtil sufficient time has 
elapsed to enable the spore to settle down and germinate on the leaf, 
after which the dish is flooded with water. This culture is unifungal 
but not necessarily bacteria-free. 

The routine method of culturing this chytrid is on boiled, young 
leaves, in sterile charcoal water (Couch, 1939) in Petri dishes. Com 
leaf cultures produced the most luxuriant growth of the Chytrid. Grass 
and wheat leaves may be used but on such leaves the fungus never 
grows as vigorously as on com leaves. Leaves decolorized by boiling 
in 95% alcohol were used with poor success, the growth being but slight 
and lasting for only a short time. 

The fungus prefers a slightly acid environment and reached its 
healthiest development in water of pH 5.0 to pH 6.6. 

This chytrid has been cultured on various concentrations of plain 
agar ranging from 0.5% to 4.0%. A concentration of 0.5% to 1.0% 
plain agar gave results. The fungus was able to grow and produce 
spores on the 1.0'^ agar but due to the solidity of this agar the spores 
were incapable of protracted activity, which resulted in their settling 
down only a short distance from the parent sporangium. The sporanpa 
resuMng from the germination of these spores were so closely packed 
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as to cause ooaedderable distortion, and only a few were capable of spore 
discharge. These usually died from a lack of sufficient room to develop 
normally. The 0.6% agar gave much better results. This agar has 
the advantage of being much less firm, permitting a much wider range 
of motility. Many generations may be completed before crowded 
conditions bring alx>ut the death of the fungus, and transfers may be 
made from one agar plate to another so that the fungus may be kept in 
culture indefinitely. Couch (1939) reports the culture of four species 
of monocentric chytrids, Rhizidionvycea apophyaatm, RMzophidium 
carpophilum, R. mvUiporum and R. n. sp. on agar in pure culture through 
several generations. However, he used 2% agar on which the spores 
were unable to swim, hence the spores when discharged settled down in a 
mass, the culture dying out after several generations due to overcrowd- 
ing. For this reason it seems that the less solid agar has a decided 
advantage. 


DEVELOPMENT OF THE FUNGUS 

After a period of motility the zoospore comes to rest on a stoma of a 
leaf of com, assumes a globose to slightly pyriform shape and loses its 
cilium, after which it secretes a thin wall about itself. A penetration 
tube is formal which enters the leaf through the stoma and immediately 
begins to develop into the rhizomycelial system (PI. 45, figs. 3, 4, 5). 
Very soon after entrance the penetration tube may divide into two to 
several branches. 

The rhizomycelial system is well developed (PI. 45, fig. 1) consisting 
of a main tmnk with numerous smaller branches or of two or several 
large branches from which the smaller ones arise. The rhizoids branch 
and rebranch, tapering to very fine, barely visible threads. At maturity 
the main trank and the larger branches may sometimes be constricted 
or septate. There is no evidence of turbinate enlargements on the 
rhizomycelium, though sometimes the penetration tube may enlarge 
to form a globose body from which the rhizoids arise. 

Simultaneously with the development of the rhizomycelium, the upper 
part of the spore has been undergoing a distinct change. For the first 
four or five hours of its development there is little clumge other than a 
considerable enlargement of the spore (PI. 45, figs. 3, 4, 5, 6). The spore 
now begins to elongate, at the same time becoming more vacuolated 
and hyaline in appearance (PI. 46, figs. 7, 8). There is also a noticeable 
increase in the number of r^ractive globules. Some of these lobules 
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may fuse to fonn larger ones, but these oily lookmg bodies never attain 
the sice of those found in Rhizophidium and related genera* 

As the sporangiophore elongates the distal half usually enlarges so 
that a distinct club-shaped structure is formed. Meanwhile the proto- 
plasm accumulates in the swollen part^ the basal half becoming vacuo- 
late (PI. 45, figs. 9, 10). In old cultures in which the sporangia have 
remained dormant for some time there is discernible not even the slight- 
est vestige of cytoplasm in the coosporangial stalk, all of it having 
disintegrated. 

A cross wall is now formed cutting off a terminal zoosporangium sup- 
ported by a stalk (PL 45, fig. 11). The sporangium may remain in this 
condition for several weeks in old cultures, but in fresh clean water the 
length of this stage is limited, the spores being formed immediately. 

Actual cleavage stages were not followed with exactness, but the 
spores are delimited completely in the zoosporangium and begin a slight 
rocking motion (PI. 45, fig. 12). During, or slightly before spore de- 
limitation, one to three or sometimes more, short, apical or lateral 
emergence papillae are formed. 

The immediate indication that the spores are about to be discharged 
is a rocking and jerking motion in the sporangium. This movement 
increases until the tips of the papillae disappear and the spores are 
allowed to make their escape. If there are two or more papillae on the 
sporangium, the tips do not necessarily dissolve simultaneously, but all 
will dissolve within a short time. 

The spores emerge with their cilia directed backward (PI. 45, fig. 13). 
They are detained at the sporangia! mouth for a few seconds until each 
has effected the release of its cilium, which has become entangled in the 
remaining spore mass. While extricating its cilium the spore may be- 
come amoeboid. After the congestion in the sporangium has been 
relieved the spores may escape more freely, and as the sporangium 
empties the remaining spores dash about until they find an exit. The 
time consumed in the evacuation of a zoosporangium is between fifteen 
and forty minutes. 

The normal spore (PI. 45, figs. 2, 14) is ovoid or ellipsoid in shape, 
3.5 X 6.5 M in eiae, with a very long (35 to 50 m) posteriorly attached 
cilium. The nncleus is placed slightly to the stem end of the spore and 
is partially surrounded by a lunate ring of from two to twelve small 
refractive globules. Toward the center of the spore is a very large 
saddle shaped *^food body” which may or may not be placed at right 
angles to the long axis of the spore. 
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The spore is able to swim for several hours. If unobstructed it moves 
along smoothly, rotating slowly about its long axis. If swimming in 
water littered with debris it appears to follow a jerky course since it 
quickly changes its course when confronted by an obstacle. While 
in the sporangium it is capable of amoeboid motion and upon settling 
down to germinate it may become amoeboid and creep about over the 
substratum for some time. This is perhaps the means by which it 
arrives at a stoma prior to forcing in the penetration tube. 

Germination on freshly cooked leaves is entirely dependent upon the 
spore's reaching a stoma. However, in old cultures in which the leaves 
have become quite soft, the spore is capable of effecting an entrance 
anywhere on the leaf. Frequently in old cultures the com leaves are 
almost covered by zoosporangia or sporangial cases not necessarily 
confined to the stomatal areas. 

DISCUSSION 

Certain affinities of Clavochytridium with other forms of both the lower 
Chytridiales and the Monoblepharidales and Blastocladiales are to be 
noted. In the general organization of the thallus and the method of its 
development it is chytridiaceous. However, the spore structure and 
the method of spore discharge seem to indicate clearly its close relation 
to the Monoblepharidales and the Blastocladiales. 

Macrochytrium botrydioides von Minden (1911) may be distinguished 
from the plant under discussion by its typical chytrid zoospore, the 
delicate and non-constricted rhizoids of its rhizomycelial system, and 
the nature of its spore discharge. 

BlastocladieUa simplex Matthews (1937), another similar form, 
differs from CUwochytridinm in that the former always displays the 
stalked habit of growth, possesses a less highly developed rhizomycelium, 
forms resting spores and discharges its spores in a vesicle. Blastoclad- 
ieUa (Rhopalomyces) variabilis Harder A Sorgel (1938) shows even more 
differentiation in that a definite and well ordered alternation of gen- 
erations is a part of its life cycle. 

Of the many species of the Rhizidiaceae described by Karling, Spar- 
row, Berdan and others there apparently is no form closely related to 
the plant under discussion. 

In attempting to ascertain the position of Clavochytridium stomophilum 
we are immediately aware that it is considerably more advanced than 
the lower Rhizidiaceae, although it is true that Rhizophidium ghbosum 
shows a quite marked relationship to it. In the general habit of growth 
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BJl gkboeum is so similar to the sessile forms of Ckmchytridium that 
ooly keen observation enables one to distinguish them. Spore discharge 
accomplished by the solution of a membrane and followed by the free 
discharge of the spores is almost identical in the two species. The 
principal differencesi then, lie in the structure of the soospore and of the 
rhizomycelial system. 

The structure of the zoospore, the method of spore discharge and the 
lack of rhizomycelial constrictions stamp Macrochytrium as being more 
primitive than Clavochytridium. 

Clavochytridium is undoubtedly lass advanced than Bla^tocladieUa 
since there is in the latter genus an alternation of generations. How- 
ever Clavochytridium is in some respects more suggestive of the higher 
Blastocladiales and the Monoblepharidales in the structure of the 
zoospore and the absence of cellulose walls. 

The writer is sincerely grateful to Dr. J. N. Couch for his encourage- 
ment and guidance during the study of this problem, to Miss Laurie 
Stewart for assistance in the preparation of the plates, and to Mr. John 
Oliver for the writing of the Latin descriptions. 

SUMMARY 

A new genus, Clavochytridiumf based on the species Cl atomophilum 
is proposed for a monocentric chytrid, characterized by stalked or 
sometimes extramatrical sessile zoosporangia and uniciliate zoospores 
with two to many refractive bodies. No sexual reproduction or resting 
bodies were observed. Because of its monocentric thallus and epibiotic 
sporangia it is placed in the Rhizidiaceae, although it apparently is an 
intermediate form connecting the Chytridiales with the Blastocladiales 
and the Monoblepharidales. Affinities of this plant to Rhizophidium^ 
Macrochytrium and BlastocladieUa are discussed. 

The fungus is apparently saprophytic on leaves in water but has been 
cultured in pure fungal culture on com and other grass leaves and in 
single spore culture on agar. 'The fungus grew best on plain agar of a 
concentration of 0.5%, the sporangia maturing and discharging spores 
which were dispersed on the surface of the agar to repeat the develop- 
ment. 
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EXPLANATION OF PLATES 
Plate 45 

Drawings made with the aid of Spencer camera lucida. All drawings X535 with 
the exception of numbers 1, 2, 14, 15 

1. Habit of the fungus, showing typical sporangia grouped about stomata of the 

leaf of corn. Note that one plant has effected entrance through an or- 
dinary epidermal cell. X200 

2. Living spores immediately after spore discharge. X660 
3-6. Early stages in spore germination. 

7-12. Later stages showing the formation of a zoosporangium and the delimita- 
tion of zoospores. 

13. Discharge of spores from the same zoosporangium. 

14. Stained zoospore of Clavochytridium stomophilum. X1060. Cotner’s (1930) 

technic. 

15. Stained zoospore of Blastocladiella simplex. XIOOO. Note small globules 

much as in CL stomophilum. Preparation and drawing by J. N. Couch 
from material furnished by Dr. Velma Matthews. Modified Loeffler’s 
cilia stain. 

16. Sessile zoosporangium with zoospores congregated at the mouth of the emer- 

gence papilla. Note the amoeboid spores. 

17. Semi-diagramatic figure of a long stalked sporangium immediately before the 

delimitation of spores. 

Plate 46 

1. Stalked zoosporangia growing on corn leaves. Note the position of the sporan- 

gia in reference to the location of the stomata. 

2. Sessile zoosporangia growing on corn leaves. 

3. Sessile zoosporangium, to the left, discharging zoospores. Right, a large 

ovoid zoosporangium. 

4. Cylindrical zoosporangium terminating a long sporangiophore. To the left 

an empty sporangium of the same type with two emergence papillae. 
Center is short-stalked sporangium. Note small, sessile sporangium at 
the base of the sporangiophores. 

5. Yoimg thalli growing on agar, with extent of rhizomycelial growth shown. 

6. Typical zoosporangium borne on a short sporangiophore. 
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A NEW GENUS OF THE PLASMODIOPHORACEAE 
By J. N. Couch, Jean Lbitner, and Alma Whippen 
Plates 47 and 48 

From a collection of soil and water made by Miss Frances Foust in the 
region of Chapel Hill, North Carolina, there was obtained a culture of 
Achlya glomerata Coker, in which the tips of the hyphae were swollen 
into large, spherical galls, caused by an endophytic parasite. In its 
early stages of development this parasite appeared within the hyphae 
as a naked protoplast accompanied by hypertrophy of the host. At 
maturity the protoplast fragmented into either a sorus of thin-walled 
zoosporangia or into groups of thick-walled resting spores, the sorus of 
zoosporangia resembling that of Woronina polycystis Cornu. The 
zoospores were observed to have a long and a short flagellum as has been 
figured by Ledingham for Plasmodiophora brcissicae (1934) and Spongo- 
spora subterranea (1935), and thus it was suspected that the present 
fungus might belong in the Plasmodiophoraceae as interpreted by 
Ledingham. Cytological preparations were made during the summer of 
1938 using Gram’s gentian violet technique as modified by Couch 
(1932). The nuclei of the vegetative plasmodium were found to be 
dividing by a peculiar type of nuclear division known as protomitosis. 
The discovery of the “cruciform division,” characteristic of protomi- 
tosis, along with the zoospore structure indicated a close relationship 
to the Plasmodiophoraceae. 

The basis of generic distinction in the Plasmodiophoraceae as now 
commonly agreed upon is the arrangement of the resting spores. The 
reliability of this distinction, however, has been questioned by Palm 
and Burk (1933), because of the great variability of the arrangement of 
the resting spores in the sori of a single species. Certainly before a 
satisfactory system of classification can be worked out more attention 
must be paid to the ciliation of the zoospores and the method of nuclear 
division. Nevertheless, until a better means of generic distinction 
than the arrangement of the resting spores is found, the present key 
characters must be retained. 

In the present form the resting spores arc aggregated in groups of 

399 



400 


Journal or thb Mitchell SoasTv 


[December 


d^t, an anangement not previously described in the Flasmodiophorar 
oeae. Furthermore, this is the only member of the Flasmodiophoraceae 
(unless Tforontna polyeyelie is found to belong here) parasitic on any 
of the fimgi. It would, therefore, seem that on the bases of resting 
spore characters and host the present form must be placed in a new 
genus. In Tetramyxa Goebel (1884) the resting spores are in groups of 
four. It seems logical, therefore, to give the present species the generic 
name of Odomyxa, and since it is limited in host range to Achlya glomer- 
ala, to give it the specific name, Achlyae. 

ocTOMYXA nov. gen. 

Parasite on Achlya causing hypertrophy of host. The infecting 
soospore giving rise to a naked protoplast, which at maturity forms a 
large spherical sorus of zoosporangia or resting spores. Vegetative 
nuclear divisions of the “cruciform type.” Zoosporangia thin-walled, 
spherical, ovoid, or slightly flattened by pressure, zoospores with one 
long and one short flagellum. Resting spores spherical and with a 
slightly thickened wall; aggregated in groups of eight, each group not 
enclosed in a common membrane. 

Octomyza Achlyae nov. sp. 

Obligate parasite on Achlya glonwrata Coker, causing spherical ^alls 
mostly on ends of the hyphae. Galls 50-1 50ju thick. Plasmodium 
at maturity partially or completely filling the gall and segmenting into 
either zoosporangia or resting spores. Zoosporangia globose to ovoid, 
thin-walled, variable in size, 6/1 to 1 6 m thick. Spores discharged through 
small papillae which are formed only on some of the sporangia next to 
the host wall, the other pripheral sporangia as well as those deeper 
within the sorus discharging their spores through the peripheral ones; 
zoospores biciliate with one long posterior and one short anterior flagel- 
lum, 6-14 in a zoosporangium. Resting spores smooth walled, 2.4m 
to 3.2m, aggregated in groups of eight. 

Sporangial and resting spore membranes without cellulose as shown by 
a negative reaction with chlor-iodide of zinc. 

Collected only once and then near Hollow Rock, Durham Co., N. C., 
January 1936. Frances Foust, coll. 

BBLATIONBHIF OF OCTOMYXA 

The present genus is close to Woronina polycystie Cornu as illustrated 
by Cornu (1872) if one accepts Fischer's (1882) interpretation of the 
zoospores as biciliate, with one long and one short cilium, and his 
interpretation of the resting stage as consisting of a sorus of closely 
packed but indivkilial cysts instead of Cornu’s interpretation of a large 
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spore with a warted wall. The present genus differs from Woronina 
polycysHs as interpreted above: (1) in the shape of the galls, which in 
Octomyxa are usually spherical, rarely elongat^, while in W. poliycystU 
they are spherical or elongated; (2) in the absence of cross walls in 
Octomyxa separating the sorus from the healthy part of the hypha; (3) 
in the color of the cystosori, which in Octomyxa are colorless, while in 
W. polycystic they are brownish; and (4) in the arrangement of the 
spores in the sorus. In TT. polycysHs the cysto-spores or cysto-sporangia 
are compactly arranged in a spherical or oval mass and when crushed 
separate into single polygonal units, while in Octomyxa when the spore 
mass is crushed the resting spores are seen to be in clusters of eight. 

This work suggests the need for a careful and complete study of 
Woronina polycystia on one of its original hosts, preferably Achlya 
racemosa. It is likely that in the forms with “spore balls” as the resting 
spore stage one will find the “protomitotic” type of nuclear divimon. 

CULTURE TECHNIC 

This parasite was kept in culture on its host, Achlya glomerata, from 
December 1936 to January 1939. Although several attempts were 
made by Miss Leitner to free the cultures of bacteria, small protozoa, and 
unicellular algae, these efforts were never entirely successful. The 
cultures were carried on in Petri dishes in charcoal water on boiled halves 
of hemp seed. New cultures were made by cutting off infected host 
threads and transferring to a hemp seed in a fresh dish. Several experi- 
ments were carried out to determine if the parasite would multiply 
with its host on agar. Positive results were obtained only on agar No. 
12 (2% agar and 0.004% peptone). When infected threads were put 
on this agar, the host threads grew and the sori of the parasite developed 
but spores failed to mature. No attempts were made to secure transfers 
from the agar. It was found that the parasite was much easier to cul- 
ture during cool than warm weather. In spite of this fact the pararite 
was lost during the month of January 1939 due to some unknown 
reason. 


HOST RANGE 

Some experiments were carried out to determine the host range of the 
parasite. Cultures of the following water molds were put- in the dish 
with the parasite: Saprolegnia ferax, S. megaaperma, Achlya imperfecta, 
A. fiageUala, A. colorata, A. racemosa, A. deBaryana, Apharumycea 
atellatua, Apodacfdya brachynema, A. minima, and AUomyeea arhuacula. 
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No infectioa occurred in any of the above species. From the experi- 
ments carried out it seemed that the parasite was limited to one hosti 
Addya glomerata. 


DEVELOPMENT OP PARASITE 

Due to the death of the parasite we have been unable to work out a 
complete account of the developmental stages. The account given 
below was worked up partly from living material and partly from whole 
mounts killed with Claussen’s fluid and stained by Gram's gentian 
violet technic. 

Zoospores have been observed attached to the host hyphae near the 
tip and also some distance back from the tip but the actual entry of the 
parasite into the host has not been seen. If killed in Claussen's fluid and 
stained with Gram's stain the nucleus of the parasite is easily distin- 
guished from the host nuclei because of the larger size of the former. 
One instance was observed, however, where the spore had apparently 
just entered through the host wall, leaving a minute trace of cytoplasm 
still attached to the entrance pore but with no cyst on the outside 
(PI. 47, fig. 2). A number of early infection stages, though none so 
convincing as the above, have been seen also without cysts. It seems, 
therefore, that the entire spore enters, leaving no cyst. In none of th(; 
other genera of the Plasmodiophoraceae have cysts been observed. 

Though infection may occur anywhere along a hypha the galls ar<‘ 
always formed at or near a h 3 rphal tip. The sonis of sporangia or 
resting spores, however, may extend for some distance back into the 
unswollen part of the hypha. 

As a rule a sorus develops from a single spore infection but sometimes 
it appears that several plasmodia may unite to form one sorus. The 
finding of as many as six or eight small plasmodia closely associated in 
one swelling of the host suggested that fusion of the plasmodia would 
occur. Yet a number of examples have been seen where two zoosporan- 
gial son or a zoosporangial and a resting spore sorus both developed 
in the same gall. In such a case one of the zoosporangial sori was 
ahead of the other in development, a condition which might account 
for their failure to fuse. Indeed, several instances have been observed 
in which a smaller plasmodium was developing within a vacuole com- 
pletely surrounded by a larger plasmodium. 

Though instances have been observed which might be interpreted 
as plasmodial fusioiis, there seems to be more proof at present that the 
plasmodia do not fuse. 
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As the plasmodium develops the hyphal tip swells, the enlargement 
of the gaU proceeding, as a rule, much faster than the growth of the 
parasite so that the former attains its mature size before the latter 
(PI. 47, fig. la-^). The plasmodium lies in a vacuolated area con- 
nected with the host cytoplasm by numerous nearly hyaline cytoplasmic 
strands along which one can observe the movement of small particles 
toward the parasite (PI. 47, fig. 5). As noted by Kunkel (1915) for 
Spongospora svbterraneaj the parasite “actually lives within the proto- 
plasm of its host.’’ In these earlier stages of development it is im- 
possible to be sure just where the parasite protoplasm stops and that 
of the host begins. 

Vegetative nuclear divisions, i.e. the divisions occurring while the 
plasmodium is growing, are of the protomitotic type (PI. 47, figs. 3-4), 
as has been described by Nawaschin (1899), Cook (1928), Home (1930), 
Webb (1935), and others for related genera. 

The zoosporangial and resting spore plasmodia are indistinguishable 
until sometime after cleavage has begun. The cleavage process and the 
nuclear details in zoosporangial, zoospore and resting spore formation 
will be described in a later paper by Miss Whiffen. 

When the zoosporangia are first recognizable they are globose or 
ovoid in shape and with large lumps of undigested material in the cy- 
toplasm. Sometimes segmentation may be incomplete so that .several 
zoosporangia are connected by narrow isthmuses. Several hours later 
the lumps have disappeared and the protoplasm has become evenly 
granular with a large central vacuole in each zoosporangium. The 
vacuole now pushes outward, cleaving the protoplasm into uninucleate 
spore origins. Meanwhile several papillae of emergence have been 
formed, only one papilla ever being formed on a sporangium. These 
are not formed on all the sporangia but on part of those in contact with 
the host wall and on some toward the center of the sorus. Not all of the 
sporangia within a given plasmodium necessarily mature simultaneously. 

The sporangia with papillae in contact with the host wall open to the 
outside to discharge their spores while those with papillae opening into 
the gall discharge the spores in the gall. Emerging spores were studied 
by the senior author under a Zeiss water immersion lens. The spores 
emerge singly and slowly and after a few seconds of sluggish motion at 
the spKjrangial tip may swim away. The spores are equipp^ with two 
cilia, a long and a short one. Both cilia are attached to the spore at or 
near the anterior end but the short one is in front while the longer one 
extends backwards (PI. 47, fig. 8). Spores with four cilia, two long and 
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two ahorti were sometimes seen, sueh double spores perhaps being due 
to incomplete segmentation. No fusion of spores was observed, though 
it is possible that fusions might occur. 

FORMATION OF THE RESTING SPORES 

The resting spores appear only in cultures several days old, following 
the formation of zoosporangia. As mentioned above, the zoosporangia 
and resting spore plasmodia are indistinguishable, so far as we know at 
present, until sometime after cleavage has begun. In the formation 
of the resting spores the spherical plasmodial mass cleaves into a number 
of smaller masses of protoplasm and these blocks are then segmented, as 
a rule, into eight uninucleate masses, each mass encysting to form a 
group of two tetrads of resting spores. This remarkable grouping of 
the resting spores suggested to the senior author the possibility of some 
peculiar arrangement of the spindles in the nuclear divisions preceding 
the formation of the resting spores (see Miss Whiffen’s abstract else- 
where in this Journal). This double tetrad of spores does not always 
hold, for frequently one finds four normal sized spores and two larger 
ones making a group of six (PL 47, fig. 10), and again one may find nine 
spores, the extra ones perhaps coming from an adjacent group which 
would be left with seven. 

After. a rest period of about two weeks the resting spores are capable 
of germinating. Zoospores were seen emerging from the cysts, one from 
each cyst, but the number of cilia and the method of swimming were not 
determined. After several months (about 6) the resting spores lose 
their vitality. 

DISCUSSION 

The occurrence of zoosporangia as well as resting spores in the life 
cycle of a member of the Plasmodiophoraceae was reported for the first 
time by Cook (1926). Cook found that in the genus Lignieraj under 
certain conditions of moisture and temperature, the plasmodium cleaves 
into large segments around which a thin wall is formed, enclosing a 
single nucleus. Each segment comprises a zoosporangium which be- 
comes multinucleate by successive divisions of the nucleus. Finally 
zoospores are cut out by cleavage of the protoplasm around each 
nucleus. In 1930 Cook and Schwartz made a study of Plasniodiophora 
braeeicae. After germination of the resting spore, the swarm cell enters 
a root hair of the host and there develops into a multinucleate plas- 
modium. At nu^if^ty the plasmodium is cut up into a number of 
zoosporangia. The zoospores after their escape fuse in pairs, according 
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to Cook, and the diploid plasmodium thus formed g^ves rise to resting 
spores. Ledingham (1935) has reported the occurrence of the soospo- 
rangia of Spongospora subterranea in the root hairs of tomato and potato 
seedlings. Also Ledingham (1939) has described a new genua and spe- 
cies, Pdymyxa graminia, in which zoosporangia are produced. Odo- 
myxa Achlyae can now be added to this list of genera in which zoosporan- 
gia as well as resting spores have been discovered in the life cycle. 

Observations on the ciliation of the zoospores in the Plasmodi- 
ophoraceae are diflScult, due to the rarity with which active zoospores 
are obtained. Woronin (1878) and Cook and Schwartz (1930) report 
uniciliate zoospores in Plaamodiophora braaaicae. Cook (1928) states 
that in Ligniera jund both the swarm cells from the resting spores and 
the zoospores from the zoosporangia are uniciliate. In Sorosphaera 
radicale (Cook and Schwartz, 1929) and in Sorodiacua radidcolua (Cook, 
1931) the zoospore is described as possessing a single apical flagellum 
about the same length as the body of the zoospore. Cook (1933) has 
germinated the resting spores of Spongoapora aiibterranea on potato 
agar and observed a uniciliate zoospore. Ledingham (1934), however, 
has germinated the resting spores of Plaamodiophora braaaicae and 
Spongoapora anbterranea and has published photomicrographs of the 
zoospores thus obtained and stained by Cotner's method. These 
zoospores are bicUiate with one long and one short cilium. Ledingham 
(1939) also has described biciliate zoospores in Polymyxa graminia. 
The zoospores of Octomyxa Achlyae when studied both in the living state 
and in stained preparations show clearly the presence of a short and 
a long cilium. It thus appears that within the Plasmodiophoraceae 
both uniciliate and biciliate zoospores are found. A contradictory 
situation exists in Plaamodiophora braaaicae and Spongoapora avbter- 
ranea where Cook reports uniciliate zoospores and Ledingham biciliate 
zoospores. It is possible that these two workers are dealing with 
different organisms. 

With the exception of Sorodiacua Karlingii on Chara coniraria and 
the possible occurrence of Ligniera junci on laoetea lacuatria, all the 
known species of Plasmodiophoraceae parasitize only the Spermato- 
phytes. Octomyxa achlyae, therefore, is the first member of the Plas- 
modiophoraceae to be reported as occurring on a fungus. 

SUMMARY 

A new genus of the Plasmodiophoraceae, Octomyxa, is described based 
on the species 0. Achlyae, The species is an obligate parasite on the 
hyphae of Achlya gUmerata, cauring the formation of gall-like swellings 
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on the hyphal ends. Infection is by single spores which enter the hyphae 
without leaving a cyst. The spore is carried to the hyphal tip where 
it deveteps into a multinucleate plasmodium. Vegetative nuclear 
divisions are of the protomitotic type characteristic of the Plasmo- 
diophoraceae* The early formed plasmodia develop into sori of soospo- 
rangia which in turn give rise to zoospores. The zoospores are biciliate 
with one long and one short cilium. The later formed plasmodia form 
sori of resting spores. These are found as a rule in groups of eight, 
each group being made up of two tetrads of resting spores. 
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PLATE 47 
Octomyxa Achlyae 

0 

(All figures were drawn by J. N. Couch and inked by Else R. Couch except figs. 

2-4 which were inked by Alma Whiffen) 

Fig. 1. Habit sketch of parasite on threads of Achlya glomerata showing successive 
stages in development of sporangial sorus, a-e and two sori of resting 
bodies, f, g. X142. 

Fig. 2. Early infection stage showing the parasite nucleus just after entering the 
host. Drawn from stained material prepared by Jean Leitner. X1620. 

Figs. 3-4. Binucleate plasmodia with parasite nuclei undergoing protomitotic 
division. Drawn from stained material prepared by Jean Leitner. 
X1620. 

Fig. 5. Enlarged view of living parasite plasmodium in tip of hypha. XlOOO. 

Fig. 6. Nearly mature sporangia. X1310. 

Fig. 7. Sporangia with emerging spores. X635. 

Fig. 8. Zoospores, Note long and short cilium on spores; also note double spore 
with two long and two short cilia. X635. 

Fig. 9. Sorus of resting spores. X585. 

Fig. 10. Resting spores from spore ball as in Fig. 9. Note spores usually in groups 
of eight or four, XlOOO. 


PLATE 48 
Octomyxa Achlyae 
Photographs by J. N. Couch 

Fig. 1. Living spherical plasmodium which has attained mature size in swollen 
tip of host hypha. Picture is under developed in printing to prevent 
opaque plasmodium from coming out jet black. Faint cytoplasmic 
strands of host can be seen on left attached to plasmodium. At this 
stage the plasmodium contains many small vacuoles, which show up 
faintly on right as lighter spots. We do not know if such a plasmodium 
forms zoosporangia or resting spores. Note absence of cross wall at base 
of gall. X516. 

Fig. 2. Exceptional sorus of zoosporangia which does not fill gall. Note finely 
granular cytoplasm of zoosporangia and absence of cross wall separating 
gall from hypha. Cleavage of protoplasm to form zoospores has already 
begun. X720. 

Fig. 3. Zoospore with one short and one long flagellum. Killed on slide in water 
by exposure for 30 seconds to 1% osmic acid fumes and stained by addi- 
tion of a few tiny crystals of gentian violet. X2000. 
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4. Showing three oori. Above, eoosporangial sorue, partly crushed by cover 
slip* Note soQsporangia are somewhat polygonal from pressure. Mid- 
dle to ri|^t, immature resting spore sorus. Note absence of cross wall 
* in hypha (the apparent basal membrane is edge of host wall). Lower 
left, resting spore sorus, slightly crushed by coyer slip. Moimted in 
glycerine with a trace of lactophenol and coton blue. X1170. 

Fig. 6. Greater enlargement of lower resting spore sorus in Fig. 4. Note grouping 
of rating spores. In some of the clusters eight spores can be counted. 

xi6ao. 
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PLATE 48 






HETEROTHALLISM IN THE CHYTRIDIALES 
By John N. Couch 
Plate 49 

Heterothallism or the separation of the sex factors in two different 
thalli has now been reported in all the major groups of fungi except the 
Chytridiales* In our laboratory we have developed technics for cultur- 
ing some of the chytrids and are now able for the first time to report this 
condition in two different genera of this order. 

The species to be considered first is an obligate parasite on Achlya 
flagellata and has been incorrectly placed in the genus Waronina by 
Cornu (1872), Fischer (1882), and the writer (1939). It was first 
illustrated by Pringsheim (1860) but the accurately drawn, uniflagellate 
zoospores were misinterpreted by him as the male cells of a sterile 
Achlya. Cornu did not illustrate the zoospores of Woronina polycystia 
but Fischer and more recently Cook showed them with two flagella. 
It has therefore been assumed that Pringsheim was in error when he 
showed a single flagellum on the spore. However, I have found the 
same genus, perhaps the same species of fungus as that illustrated by 
Pringsheim, and now have three strains of it in culture and can positively 
verify the correctness of Pringsheim's figures of the uniflagellate zoo- 
spores. Since this fungus is very distinct from Woronina as illustrated 
by Cornu, Fischer, and Cook, and does not fit in with any known genus, 
it is necessary to give it a new generic name. It seems very appro- 
priate to name it in honor of Pringsheim. 

PRINOSHEIMIELLA gOn. nOV. 

Obligate endophytic parasites on Saprolegniac^. Thalli from 
zoospores multiplying in host hyphae. Zoosporan^l sori formed in 
the ends of host hyphae and resembling in suj^rficial appearance and 
development the host zoosporan^a. Sporangia globose or polygonal 
from pressure, each sporangium with an emergence papilla. Zoospores 
posteriorly uniflagellate, very minute. Resting b(^es unicellular, 
spherical, brownish when mature, one to several formed within a larger 
polyranal or irregularly shaped cell, Zoospor^giai and resting spore 
menmranes bluish purple with chlor-iodide of zinc. 
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Pringsheimiella dioica sp. nov. 

Infection by zoospores which leave cyst on host wall. Thalli from 
zoospores multiplying in host hyphae and carried by plasma currents of 
host to the distal parts of hyphae. Sporangia formed in cjrlindrical 
compartments, the latter resembling in shape, size, and position the 
sporangia of the host. Compartments separated from healthy host 
hypha by cross wall. Each sporangium in a sorus developing from a 
separate thallus and forming an emergence papilla upon maturity. 
Sporangia spherical to oval or polygonal from pressure, 16-21^1 thick, 
with a cellulose membrane. Zoospores very minute, 1.8-3 x 3 m, 
spherical, or slightly elongated, with one minute glistening globule, and 
a single posterior flagellum, moving actively within the sporangium be- 
fore discharge and swimming away after a brief pause at the sporangial 
mouth. Resting bodies (zygotes) formed only where two sexually op- 
posite or sexually compatible strains are brought together, spherical, 
15-17m thick, golden brown with an eccentric globule and a minutely 
rough or reticulate membrane, formed within a larger cell which is 
polygonal from pressure. Containing cell 25-30m thick; sometimes lar- 
ger and containing as many as six zygotes. Germinating by uniflagel- 
late zoospores after six weeks' rest. 

Collected several times from North and South Carolina. Near 
Florence, S. C., June 1929, J. N. and A. B. Couch, colls. On Achlya 
sp. near Chapel Hill, N. C., 1934, J. N. Couch, coll.; Patterson Pasture, 
Chapel Hill, N. C., strain no. 169 on Achlya flagellataj March 1938, 
J. N. Couch, coll.; University Lake, Chapel Hill, N. C., on Achlya 
flageUata, strain no. 218, Jan. 1939, Ward and Shanor, colls. 

Pringsheimiella has been known in the past only in its asexual stage 
as illustrated by Pringsheim (1860). In this stage the parasite produces 
vast numbers of spherical or polygonal sporangia 16-21m thick, which 
develop in special compartments in the distal parts of the host hyphae. 
A mature sorus of sporangia has an appearance suggestive of a sporan- 
gium of Dictyvehua (figs. 1-3). Upon maturity, however, each sporan- 
gium gives rise to numerous very minute zoospores 1.8-3 x 3m, slightly 
elongate or spherical, with a single posterior flagellum and the char- 
acteristic glistening globule. The spores emerge, swim in the typical 
chytrid fashion and after a swimming period reinfect the host. Strain 
number 169 has been in the laboratory over eighteen months and in 
all cultures has produced only zoosporangia when grown alone. 

Last January one of om* students turned over to me what appeared 
to be a form of Dictyvehua with particularly large zoosporangia (fig. 1). 
Careful study, however, showed that this was another strain of Achlya 
fiagellata infected with Pringsheimiella. This strain proved to be the 
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complementary sexual strain to no. 169 and was designated 218. It 
has been in culture since last January (now October 26) and has pro- 
duced only aoosporangia when grown alone on its host. 

In trying to separate the host from its parasite by culturing the 
Achlya on agar #13 it was observed that parasite strains 169 and 218 
showed entirely different growth characters on agar. Number 169 
formed only a few parasite zoosporangia on agar but the plasmodial 
stage continued to multiply as the hyphae grew, being easily detected 
neir the hyphal tips as darker granular cytoplasm. In this strain one 
could isolate the parasite on its host even after the culture had covered 
the dish by cutting out hyphae containing the dark areas of protoplasm. 
Strain 218 produced many parasite zoosporangia during the first three 
days on agar #13 but after the third day it was impossible to recover 
the parasite from the hyphae, the parasite having apparently used itself 
up in sporangial production. 

These physiological differences were evident when the two parasites 
were cultured on their Achlya hosts on sterile hemp seed in water. 
Under such conditions strain 169 produced fewer sporangia than 
strain 218 and they were as a rule thinner and longer than in strain 218. 
The two hosts though belonging to the species Achlya ftagellata also 
showed slight physiological differences. Achlya strain 169 grew more 
slowly on agar no. 13 than strain 218 and appeared to be a less vigorous 
grower on hemp seed in water. When parasite strain 169 was trans- 
ferred by spores to pure cultures of Achlya 218 and parasite strain 218 
to Achlya strain 169, and then cultured on agar each parasite retained 
its physiological characters as though growing on its original host. 

Such physiological differences in the parasites suggested the possibil- 
ity of different sexual strains. To test the possibility of such a condition 
a number of hemp seed cultures of Achlya 169 infected with parasite 
169 and of Achlya 218 infected with parasite 218 were made. Abdut 
thirty-six hours later when both parasites were producing abundant 
zoospores a culture of 169 and one of 218 were transferred to a fresh dish 
and so placed that the Achlya threads of the two intermingled along one 
side of each culture. Three other such ‘‘crosses^^ were made in separate 
dishes at the same time. 

On examination two days after crossing, each of the crosses showed, 
particularly in the regions where the threads of the two strains inter- 
mingled, abundant resting bodies (figs. 4, 5). These were formed either 
in the zoosporangial sori intermingled with zoosporangia or in sori 
containing only resting bodies. After three days the resting bodies 
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were mature (fig. 6). Thqr are spherical, 13-17 m thick, with aa 
eoceaxtric fat globule, and a double^layered wall, the outer layer beii% 
minutely sinny or reticulate. Each qrgote is contained in a luge 
thick-'walled compartment which is about twice the sue of the sporangia, 
24-32 m, and usually polygonal vrith rounded edges, rarely neariy spheri- 
cal. As a rule one sygote is formed in a compartment but sometimes 
as many as tix may be formed in one compartment. 

After a rest of six weeks the zygotes ^rminate by the formation of 
uniciliate zoospores. 

The details of development, etc., will be published in a later paper. 

The next species to be contidered belongs in the Bhixidiaceae and is 
now known as Rhizophiyctis rosea (de Bary & Wor.) Fischer. (For a 
detailed description and illustrations see Miss Ward’s paper elsewhere 
in this journal.) This species was first collected in this region by the 
writer in November 1938 and has since been found from many localities 
by several workers in our laboratory. In March 1939 the writer found 
an old ’‘Land Posted” cardboard sign in a drainage ditch near The Caves 
on which the fungus was growing abundantly and producing nuiny 
resting spores. Since these resting spores had not appeared in any of 
our other collections it was suspected that a heterothallic condition 
existed and that both sexual strains were present on the cardboard. 

To test this postibility twenty sir^le sporangia were dissected out 
(March 10 and 11) tmder a dissecting binocular microscope (X40) and 
put in separate dishes in charcoal water on boiled grass leaves, boiled 
com leaves, boiled filter paper, and boiled cardboard. On examination 
March 24, 1939, nos. 1, 2, 6, 7 showed growth of new sporangia on grass 
and com but no growth on paper. No growth was seen in any of the 
16 others, in fact most of the sporangia had not discharged their spores. 
On examination several days later no. 7 had died but no. 20 had dis- 
charged zoospores and many new sporangia were formed. In none of 
the four cultures, nos. 1, 2, 6, 20, were any resting bodies formed even 
after several weeks and several transfers. 

All possible crosses were then made between these four strains as 
follows: 1x2, 1x6, 1x20, 2x6, 2x20, 6x20, but only when strain 2 was 
crossed with one of the others were resting bodies formed. Similar 
crosses have been made several times with the same results. It seems 
logical, therefore, to conclude that strain 2 belongs to one sex and the 
other three strains, nos. 1, 6, 20, b^ng to another sex. Unfortunately, 
strain no. 2 was lost during the summer months before detailed studies 
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ooidd be made to detomii^e faov, <» even if, fiadon oeouned in tbe 
fonnatum of the TertiBg qxnee. 


BUIOIABT 

It haa been found that the unidliate Chytrid paraaite hrst illustrated 
and partly described by Fringsheim as the antherithal stage of A<Mya 
dioica and later erroneoudy considered as IForontna by Cornu, Fischer, 
and others is heterothallic. If two of the oppoinng strains are cultured 
on thdr hosts in the same Petri dish with or without the host hyphae 
in contact, spherical, thick-walled resting bodies are formed. These 
resting bo^es resemble those of BozeUa and Pkolpidiim. Since this 
parasite is very distinct from Woronina polycystia as interpreted by 
Cornu and Fischer and unlike any known genus it is bdng described 
under a new name PringaheimieUa in honor of Fringsheim who first accu- 
rately described but mismterpreted its nature. 

Rhizophlyctia roaea (de B. & Wot.) lischer is also heterothallic. Four 
single sporangial strains were isolated, none of which produced resting 
bodies when grown alone. Crosses made in all possible ways indicated 
that one of the sin^ sporangial cultures was of one sex while the three 
remaining were of the opposite sex. 
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EXPLANATION OF PLATE 49 
PringaheitniMa dioica 
Photographs by author 

Fig. 1. Sori of soosporangia of strain 218. Note striking similarity of son to 
sporangia of Dtetyuehus. The three sori one to left and two in bampetal 
arrangement on same thread in center show sporangia nearly mature. 
In sorus just below center sporangia are in '*sporan|^ origin’' stage, cor- 
responding to spore origin stage in sporangium of host. On right of cen- 
ter two long sori with empty sporangia and spwaiigia with q^res. No 
sporangia of host are vidUe. XIOO. 
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8/ li^ri^ IHQ. No^ tflmuigl* in zw «t center end very Sftrge *ori, 
> dome empty othm « 

ii%4 9* pert of eonie etrgin m. Some empty sporangia and others nearly 
Note two papillae on left about center X1050. 

Pig. 4. Strains 199 X 918 showing empty sooiH>oTangia of parasites; small round 
sygotes wHhin their irregulm^ containing cells; gemmae of host and at 
bottom right two oogonia df host arc faintly visible. Note lygotes of 
4 iariHBite are formed both in i^indrici^and spherical sori, usually along 
yrith soosporangia. X160 ^ 

Fig. 5. Stages in development of three zygotes, two near center and ohe on rights 
N ote young zygotes are partly surrounded by large vacuole. The smaller 
spherical bodies are nearly mature zoosporangia XfOO, 

Fig. 6. Two zygotes, with centric or slightly eccentric globule, thick wall and 
large containing cell. Also note empty zooeporangia in same sorus. 
X1060. 









